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Abstract 
This study examined the creation of knowledge in two embedded cases of Open Innovation (OI) 
in a complex technological setting.  The study focused on the role of boundaries in knowledge 
flow and knowledge creation and sought to understand how boundaries shape the trajectory of an 
OI project.  While the OI literature is well-developed, most studies are at the level of the 
organisation and have examined instances of innovation, rather than longitudinal OI processes.  
In addition, most have taken a cognitive view of knowledge in theorising OI, which can result in 
an overly simplified understanding of how agents from different knowledge domains achieve 
sufficient mutual understanding to create new knowledge.  For this reason, I took the novel 
approach of using a practice-based view of knowledge as the theoretical lens through which to 
explore knowledge creation, to generate a richer theorisation of knowledge creation in OI 
projects.  
In line with this practice-based perspective, the study took a qualitative research approach and 
used ethnographic methods to collect data over seventeen months, thereby enabling novel 
insights not available from elsewhere in the literature.  The first case examined involved the 
development of a new diagnostic practice for detecting pre-cancerous changes in human cells in-
vivo, using magnetic resonance spectroscopy (MRS) and was at a mature stage of technological 
development.  The second case involved applying the MRS technology developed in the first 
case, to create a novel diagnostic practice for detecting a mental health condition and was at an 
early phase of development. 
The study identified three types of practices involved in knowledge creation: project-specific 
practices, occupation-specific practices and framework practices. Distinguishing between the 
practices involved in overcoming knowledge boundaries enabled a detailed theorisation of the 
processes involved. Differences between agents’ occupation-specific practices (knowledge 
boundaries), rather than organisational boundaries, impacted the OI projects and caused 
interruptions that  stopped project progress. Each of the three practice types played a specific role 
in enabling knowledge creation by the agents, who co-developed project-specific practices to 
overcome their knowledge boundaries. Agents embedded the new project-specific knowledge 
created, in each case study, into the new or modified project-specific practices.  
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To explicate these findings, I argue that the interruptions to progress in the OI projects due to 
knowledge boundaries, caused the agents to shift from a state of absorbed coping to one of 
theoretical detachment.  In that state, the agents had the opportunity to self-distanciate, a known 
precursor activity for knowledge creation, and from that state, to co-create new project-specific 
knowledge. This process was repeated each time an interruption was encountered, resulting in 
the accumulation of new knowledge over time as the knowledge creation process unfolded. As 
successive knowledge boundaries were overcome, agents embedded the increments of project-
specific knowledge created into project-specific practices and project-specific objects, with the 
result that these practices and objects co-evolved over time.  Thus, repeated interruptions over 
time created knowledge cumulatively.  I theorised this phenomenon, which has not previously 
been reported, as practice maturation.  I articulated this relationship between interruptions and 
the cumulative creation of new project-specific knowledge in a proposed processual model of 
knowledge creation.  The finding that repeated interruptions over time created knowledge 
cumulatively and this relationship between interruptions and cumulative knowledge creation  
findings, enabled conceptualising an OI project as a continuous, iterative process of individual 
agents overcoming their mutual knowledge boundaries through a process of self-distanciation, 
induced by the interruptions they encountered, to create new shared practices and objects. I 
therefore argue that an OI project is a situated and ongoing process of project-specific knowledge 
creation and that it is practice maturation that enables an OI project to progress. 
The study’s main contributions to the Knowing-in-practice literature include the identification of 
three types of practice enacted to create new project-specific knowledge; the novel concept of 
practice maturation; the identification of interruptions caused by knowledge boundaries as an 
alternative means of bringing about self-distanciation, and the repeated encountering and 
overcoming of knowledge boundaries to cumulatively create knowledge over time, as articulated 
in the processual model of knowledge creation presented.  The study contributes to the OI 
literature by demonstrating that OI project processes are considerably more complex than how 
they are portrayed in the dominant OI literature, and by drawing attention to the significant role 
of knowledge boundaries in knowledge creation involving agents from different knowledge 
domains. Further, the study highlights the constructive role of interruptions that are otherwise 
often perceived as evidence that something is ‘wrong’ with an OI project.  Finally, the study 
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provides an alternative conceptualisation of OI to the accepted understanding, by identifying the 
different types of practices involved in it and the role of each in co-creation. 
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Chapter 1:  Introduction 
 
1.1 Introduction 
This study explored knowledge creation in Open Innovation (OI) by exploring two OI projects 
within the Australian healthcare sector. The objective of each endeavour was to develop and 
commercialise a new diagnostic method using magnetic resonance spectroscopy (MRS) to detect 
a particular type of cancer in the first case, and to detect a mental health condition in the second. 
Both OI endeavours were complex and necessitated experts from different knowledge domains 
to work together closely. Each project team comprised researchers, clinicians and 
commercialisation staff who contributed their expertise. However, these experts were very 
conscious of their differences as they worked together, as illustrated by some quotes from team 
members: 
A clinician, at interview: “They’re enormous [researchers’ egos]. They are appallingly 
enormous. And, really, they’re interesting people doing interesting work. But who cares? 
Whereas over there in the real world, [points to the hospital] they are doing real work, and 
people do care.” 
A researcher, during a project meeting: “Remember, these people are clinicians, so it’s like 
talking to a really smart eight-year-old.”  
The commercials on the teams needed to somehow harness the researchers’ creativity and the 
clinicians’ experience in commercialising  useful, marketable products: 
A commercial, at interview: “Everything is interesting if you’re a researcher. Everything is 
worth looking into and [putting] work into it. And well, from the [commercial partner’s] side, it’s 
also interesting but the question is – what can be realised … as a product on the scanner, to put 
to use for the patient… The other aspect – I don’t know if the researcher has that in mind, but 
[commercial partner] has to have that in mind. It has to be simple.”  
Over the course of the study, both OI teams accomplished significant progress, demonstrating 
that they were able to leverage their differences to create extensive new knowledge of social and 
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economic benefit. This study takes a novel approach to examining OI endeavours by using a 
practice-based view of knowledge (Gheradi & Miele, 2018; Nicolini, 2011; Feldman & 
Orlikowski, 2010), from the well-developed Knowing-in-practice literature (Carlile, 2002, 2004; 
Gheradi, 2006; Sandberg & Tsoukas, 2016), as the theoretical lens. As a result, while most 
studies of OI projects take an organisation level view, this study was able to focus on individual 
level events as the OI projects unfolded. The study achieved this by using ethnographic methods, 
in line with the practice-based view, to collect rich longitudinal data over seventeen months, 
enabling detailed examination of how each OI project unfolded. As a result, the study revealed 
novel insights to these OI processes that augment findings at the organisational level in the OI 
literature.  
 
1.2 The theoretical focus of the study 
Innovation is recognised as an important means of generating and sustaining economic and 
social benefits (Crossan & Apaydin, 2010; Garud, Tuertscher & Van de Ven, 2013) and involves 
the creation of new products (Garud et al., 2013), processes (Kurkkio, Frishammar & 
Lichtenthaler, 2011; Reichstein & Salter, 2006) or services (Chesbrough, 2012; Corsaro, 
Sebastiani & Mele, 2017). While innovation once was carried out by individual firms, 
increasingly, innovation is being undertaken through collaboration with partners (Chesbrough, 
Vanhaverbeke & West, 2006) including suppliers, customers and sometimes competitors 
(Dodgson, Gann & Salter, 2008). Such collaboration requires partners to share their knowledge – 
that is, to enable knowledge ‘flow’ across partner boundaries. This flow of knowledge across 
organisational boundaries is the most important aspect of Open Innovation (OI) (Chesbrough 
2003; Dodgson, Gann & Salter, 2008), and has been defined as a “distributed innovation process 
based on purposively managed knowledge flows across organisational boundaries” (Chesbrough 
& Bogers, 2014: 7). The creation of new products, processes or services by collaborating 
organisations involves the collective creation of new knowledge (Du Chatenier, Verstegen, 
Biemans, Mulder & Omta, 2009). Thus, knowledge flow, boundaries and knowledge creation are 
important aspects of OI and further understanding of these knowledge processes contributes to 
OI theory. 
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While OI theory is well developed at the level of the organisation (Crossin & Apaydin, 2010; 
West et al., 2014), theory is limited with respect to how knowledge flow is accomplished at the 
individual level (Felin & Foss, 2005). Most studies have used data relating to ‘moments in time’ 
rather than longitudinal data and so provide limited theorisations as to how an OI endeavour 
progresses over time. The view of knowledge taken by many studies in the OI literature also 
limits their explanatory power. These studies use a cognitive view of knowledge (Marshall, 
2008) which limits theorising about how agents interact with knowledge that is not explicit 
(Brown & Duguid, 1998), such as tacit knowledge (Collins 2001; Hadjimichael & Tsoukas, 
2017) or knowledge embedded in processes, devices and practices (Gheradi, 2006). This view of 
knowledge also limits theorising about the observed context dependency of OI endeavours in 
different industry sectors (Crossin & Apaydin, 2010).  
To address these limitations in the theorisation of OI, the study focused on the important 
elements of boundaries, knowledge flow and knowledge creation at the level of individuals 
engaged in OI endeavours and was guided by the research questions: 
What role do boundaries play in knowledge flow and knowledge creation in an OI endeavour? 
and 
How do these elements enable an OI endeavour to progress over time? 
To answer these questions, this study used an alternative view of knowledge, a practice-based 
view (Reckwitz, 2002; Schatzki, 2001), in which knowledge is understood to be socially 
constructed (Brown & Duguid, 2001; Cook & Brown, 1999; Gheradi & Nicolini, 2000; 
Marabelli & Newell, 2012). Practices are “the coordinated activities of individuals and groups in 
doing their “real work” as it is informed by a particular organisational or group context” (Cook 
& Brown, 1999: 387). Whereas the cognitive approach views knowledge as something residing 
with an individual, from the practice-based view, knowing is a collective activity situated in 
practices (Gheradi & Miele, 2018). Thus, rather than understanding ‘common knowledge’ to 
enable collaboration, from the practice-based view, ‘common practices’ are important (Brown & 
Duguid, 1991, 2001).  
Taking a practice-based view of knowledge offers advantages to theorising OI processes as it 
extends the theorisation of knowledge from individually held knowledge to knowledge 
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embedded in practices and in the objects used in those practices. Thus, knowledge in an OI 
process does not need to be made explicit before it can be shared, as for example in the model of 
knowledge creation frequently underpinning OI studies, the Socialisation-Externalisation-
Combination-Internalisation (SECI) model (Nonaka, Von Krogh and Voelpel, 2006). Instead, 
individuals can share their knowledge by sharing practice without having to deeply engage 
dialogically with each other to create mutual understanding, which can be time consuming and 
expensive to an OI endeavour. 
 
1.3 The study 
The cost, empirically, of taking a practice-based view of knowledge to explore OI endeavours, is 
the additional complexity of data collection and data interpretation and thus increased time 
requirements in the field. In line with the practice-based view of the equivalence of knowledge 
and practice (Gheradi, 2006) that was used as the theoretical lens in this study, I used qualitative 
research methods and a case study approach to collect the data, and an interpretive approach to 
analyse it. The cases studied were in the healthcare sector and were selected for their high degree 
of novelty and complexity and the involvement of agents with a range of different expertise, 
from multiple organisations. Each case was an instance of Open Innovation that required 
knowledge flow between the multiple parties involved and collaborative knowledge creation by 
team members drawn from these organisations. The first case, the Platform Technology case, 
involved developing a novel way of identifying pre-cancerous cell changes as an indicator of 
imminent development of cancer. Its development was at the stage of widespread clinical trials, 
after decades of development. The second case, the Application case, involved extending the 
technology of the first case to a different health issue and was at the beginning of development. 
The team was accelerating the development of the Application case by drawing on technical and 
developmental aspects of the Platform Technology case. Data for this study were collected over 
a period of seventeen months using the ethnographic methods of observation, semi-structured 
interview, document examination and casual and unplanned interaction with study participants in 
their day to day work environment. I analysed the data by repeated reading of transcriptions and 
observation notes, reflective journaling, hand coding and coding with the assistance of the text 
analysis package Nvivo (multiple rounds). To identify knowledge boundaries arising from 
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differences in practice, I used the occurrence of ‘interruptions’ that stopped project progress. To 
unravel the progress of each OI endeavour over time, I constructed timelines and used the 
Temporal Bracketing strategy as described by Langley (1999).  
 
1.4 Findings and contributions 
By taking this novel approach, the study yielded some important insights to knowledge processes 
in OI endeavours. The study showed that it was knowledge boundaries arising due to the 
differences between agents’ occupation-specific practices that caused difficulties in 
understanding, rather than organisational boundaries as theorised by most OI studies. The study 
also identified three types of practice that were involved in knowledge flow and knowledge 
creation: occupation-specific practices, project-specific practices and framework practices. Each 
type of practice played a specific role in these processes. The study identified the important role 
of knowledge boundaries in causing ‘interruptions’ to the OI endeavours.  There were four types 
of interruptions: productive (knowledge was created); unproductive (no knowledge was created); 
reproductive (project-specific knowledge had to be re-produced) and framework interruptions 
(knowledge boundaries not involved, and no knowledge created).  Interruptions provided agents 
with the opportunity to self-distanciate, that is, to be able to gain perspective from their work and 
engage in productive dialogue (Tsoukas, 2009) with other agents and as a result, integrate their 
individual knowings to co-create a new project-specific practice. Creation of these new project-
specific practices enabled agents to overcome the interruption and to progress the OI endeavour. 
As agents encountered further interruptions, they co-created additional project-specific practices, 
and embedded the knowledge increments they created each time they overcame an interruption, 
into the new project-specific practices, a process I identified as practice maturation. Practice 
maturation enabled project progress.  
I used these findings to propose a conceptual processual model of the knowledge creation 
process, linking the encountering and overcoming of interruptions with knowledge flow and 
knowledge creation and linking successive overcoming of interruptions with cumulative 
knowledge creation which enabled progress of the OI endeavour. This view of an OI endeavour 
provides the foundational elements of a practice-based model of OI as a continuous, iterative 
process of individual agents overcoming their mutual knowledge boundaries through a process of 
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self-distanciation, prompted by encountering interruptions, to create new knowledge in the form 
of shared practices and objects. 
The study contributes to the Knowing-in-practice literature and to the literature of OI. It 
contributes to the Knowing-in-practice literature by identifying three distinct types of practice 
involved in OI endeavours and the role that each plays in overcoming knowledge boundaries and 
creating new knowledge, by proposing the concept of practice maturity and by proposing a 
processual model for collaborative, ongoing knowledge creation in an OI endeavour. It also 
identifies interruptions caused by knowledge boundaries as an alternative means, to productive 
dialogue, of prompting self-distanciation, an important precursor to knowledge creation. The 
study contributes to the OI literature by revealing that OI processes are considerably more 
complex than the way they have been portrayed in the literature. The study further identifies the 
important role of individual level knowledge boundaries rather than organisation level 
boundaries in OI endeavours. These knowledge boundaries cause interruptions, which enable 
agents to self-distanciate and as such, are a necessary, but not sufficient, precursor to knowledge 
creation. The study also identifies the role of specific types of practice in co-creation and how 
agents accomplish co-creation as an ongoing process. Finally, the study provides an alternative 
conceptualisation of OI as a series of connected episodes of development, each comprised of an 
interwoven set of project-specific practices.  
 
1.5 Structure of the thesis  
The remaining chapters of the thesis are set out as follows. Chapter 2 is the Literature Review, in 
which I introduce Innovation and Open Innovation (OI). It provides the context for this study of 
knowledge creation and identifies the central aspects of OI as boundaries, knowledge flow and 
knowledge creation. I then discuss the theorisation of these elements in the OI literature and, 
based on my identification of some limitations to this theorising, I develop the research questions 
that underpin the study. The dominant cognitive approach to knowledge in the OI literature 
limits the explanatory power of some aspects of OI theorising, so I then introduce an alternative 
view of knowledge, the practice-based view, and explore how the OI concepts of boundaries, 
knowledge flow and knowledge creation are theorised, by drawing on the Knowing-in-practice 
literature. The benefits of theorising knowledge processes in OI by taking a practice-based view 
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of knowledge have been recognised by other authors and I provide an overview of this literature. 
Finally, I discuss the implications of taking a practice-based view of knowledge for data 
collection and analysis and offer concluding remarks. Chapter 3 describes the research approach 
and the methods I used to collect and analyse the data. I explain why I selected these cases for 
this study and provide case descriptions of them. I then report how I gained access to the cases, 
my conduct in the field, ethics considerations and the approaches I used. Next, I describe the data 
sources, how I analysed the data and how I developed the themes that informed my 
interpretation. Finally, I consider the quality of the research conducted, my perspective as a 
researcher and I provide a summary of the chapter.  
The findings of the study are reported in Chapters 4, 5 and 6. Chapter 4 reports on knowledge 
boundaries and practices observed in the OI projects. I also report on three types of practice 
identified that were involved in the two OI cases and how each of these was used by agents to 
create new practices that enabled agents to overcome their knowledge boundaries. Chapter 5 
reports on creating knowledge and knowledge flow. I report the important role interruptions play 
in the knowledge processes agents employed to overcome knowledge boundaries and to enable 
knowledge flow; and then I present how agents co-created new knowledge to overcome 
successive knowledge boundaries by reporting in detail the development over time of four 
project-specific practices in the Application Case. Chapter 6 reports findings about ongoing 
knowledge creation in the two cases, and I develop the concept of maturation of project-specific 
practices. I illustrate this with the detailed example of practice maturation in the Platform 
Technology case. I then extend this concept of practice maturation to templating a knowledge 
creation process and use findings from the Application Case to illustrate this concept. 
I discuss the study’s findings in Chapter 7. I first consider the findings using the practice-based 
view of knowledge and this section is set out in line with the structure of the three findings 
chapters: knowledge boundaries and practices in OI processes (Chapter 4), creating knowledge 
and knowledge flow (Chapter 5) and ongoing knowledge creation in the OI processes (Chapter 
6). The discussion addresses: the characteristics of the context that gave rise to the knowledge 
boundaries in the two cases and that therefore influenced knowledge processes; the three types of 
practice I identified that agents enacted; how agents enacted these practices to co-create new 
project-specific practices and hence to create project-specific knowledge. I identify the 
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interruptions caused by knowledge boundaries as providing an additional means of self-
distanciation (Sandberg & Tsoukas, 2011) than that provided by productive dialogue (Tsoukas, 
2009) that enabled agents to self-distanciate as a precursor step to knowledge creation. Following 
this, I discuss how iterative encountering and overcoming of knowledge boundaries produced 
cumulative knowledge creation in the two cases, and I introduce the concept of practice 
maturation. I then discuss the processual model of knowledge creation proposed. Next, I contrast 
the conceptualisations of boundaries in the OI literature with that in the Knowing-in-practice 
literature and I discuss implications from the findings regarding both the dynamic nature of 
knowledge ‘flow’ and the conceptualisation of knowledge creation. I use the novel insights 
generated by the study to propose some foundational elements of a practice-based view of an OI 
endeavour. I finish the chapter with a chapter summary.  
The last chapter in the thesis, Chapter 8, sets out the conclusions to the study. I provide a 
summary of the thesis and I set out the contributions that the study makes to the Knowing-in-
practice literature and to the OI literature. I follow this with the study’s contributions to the 
practice of OI and I discuss the limitations of the study. Based on these contributions and a 
consideration of the study’s limitations, I then suggest some future research directions. Finally, I 
provide some personal reflections on the study as concluding remarks. 
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Chapter 2: Literature Review 
 
2.1 Introduction 
Innovation is widely acknowledged as an important means of creating social and economic 
benefits through the development of new products, services and processes (Crossan & Apaydin, 
2010; Garud et al., 2013). The term ‘innovation’ can be used to mean either an outcome (e.g. a 
new product, service or process), or the process of creating that new output (Garud et al., 2013).  
Innovation scholars have produced extensive literature and have used a number of theoretical 
lenses used to conceptualise innovation processes, including learning and knowledge 
management, network theories and economic theories (Randhawa, Wilden & Hohberger, 2016). 
Early models of innovation processes were based on linear technology push and market pull, 
with more recent models evolving into integrated and coupled models and non-linear dynamic 
models involving convergent and divergent collaborative activities (Pavitt, 2005) and 
accelerated, iterative cycles of development (Cooper, 2014). 
Innovation is not a new activity (Chesbrough, 2006; Trott & Hartmann, 2009), but in recent 
years its increasing complexity and global nature has meant that it is increasingly being 
undertaken collaboratively by means of multiple participants contributing their expertise to a 
venture (Dodgson, Gann & Salter, 2008). Through such collaboration, innovation partners access 
the knowledge they need to realise the ‘innovation’, the outcome of the innovation process. This 
accessing of knowledge across organisational boundaries is referred to as knowledge ‘flow’ 
(Garud et al., 2013).  ‘Flow’ of knowledge between innovation parties is the most important 
defining factor of Open Innovation (OI) (Chesbrough, 2003; Dodgson, Gann & Salter, 2008), 
which has been defined as a “distributed innovation process based on purposively managed 
knowledge flows across organisational boundaries” (Chesbrough & Bogers, 2014: 7). In OI, 
innovation partners work to either draw on their partner’s knowledge in the process of inbound 
innovation or provide their own knowledge to a partner in the process of outbound innovation 
(Dahlander & Gann, 2010). An overall OI process could be the net result of a combination of 
several inbound and outbound innovation processes. This means that theorising an OI process 
involves theorising how innovation partners access each other’s knowledge across each other’s 
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organisational boundaries. The collaborative creation of new products, services or processes, 
involves the creation of new knowledge (Du Chatenier et al., 2009), so a more nuanced 
understanding of knowledge creation processes in OI projects can contribute to extending OI 
theory.   
There are some limitations to existing OI theory, as suggested by difficulties in OI practice –
including risk, uncertainty, long time frames, conflict and a low rate of success (Hansen & 
Birkenshaw, 2007).  The first is that most OI studies have focused at the level of the organisation 
(Bogers, Zobel, Afuah et al., 2017; Crossin & Apaydin, 2010; West et al., 2014), limiting 
insights to what individuals involved in OI projects do to overcome their mutual boundaries to 
enable knowledge flow (Felin & Foss, 2005). The second limitation is the widespread use of a 
cognitive view of knowledge in OI theorising, which limits theorising to codified knowledge and 
knowledge located with individuals. Finally, existing models of OI processes have limited 
explanatory power with respect to the differences observed in practice of OI processes enacted in 
different industry sectors (Crossin & Apaydin, 2010).  
In developing this study, I focused on addressing the limitations resulting from the cognitive 
view of knowledge taken by most OI authors.  An alternative view of knowledge is the practice-
based view of knowledge (Feldman & Orlikowski, 2010; Sandberg & Tsoukas, 2016) that OI 
scholars have begun to explore (Crossan & Apaydin, 2010). This theoretical stance considers the 
practices enacted by agents as a central element in the constitution and creation of knowledge 
where ‘practices’ are defined  as “the coordinated activities of individuals and groups in doing 
their “real work” as it is informed by a particular organisational or group context” (Cook & 
Brown, 1999: 387). Therefore, taking this view of knowledge implies taking an individual level 
view of knowledge processes, and thus provides a means of examining OI processes at the 
micro-level, to supplement the majority of studies in the OI literature at the level of the 
organisation.  Taking a practice-based view of knowledge offers further advantages to theorising 
OI processes by extending the theorisation of knowledge from codified knowledge and 
individually held knowledge to take into account the knowledge embedded in materiality as well 
as in social relations (Gheradi & Miele, 2018).  This extension to conceptualising knowledge 
enables the theorisation of knowledge ‘flow’ to extend to include the role of objects as well as 
people. From a practice-based view, knowledge is socially constructed within its own particular 
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context (Gheradi & Nicolini, 2000) and cannot be separated from it (Marabelli & Newell, 2012). 
Hence, taking a practice-based view of knowledge also deals with the third limitation identified 
above, the differences observed in practice of OI processes in different industry sectors.   
From the practice-based view, the difficulties experts from different knowledge domains 
experience in understanding each other arise from their differences in practice and have been 
called ‘knowledge boundaries’ (Brown & Duguid, 2001; Carlile, 2002, 2004). Boundaries have 
also been identified in the OI literature (Chesbrough, 2003; Dodgson, Gann & Salter, 2008) 
where it is understood that OI processes can only occur if knowledge can flow across boundaries 
between innovation partners.  This concept of ‘boundary’ in both the Knowing-in-practice 
literature and the OI literature provides a useful point of contact between the two sets of 
literature.  Hence, I developed research questions hinging on the fundamental nature of the 
concept of ‘boundaries’ involved in OI and the related concepts of ‘knowledge flow’ across these 
boundaries and knowledge creation enable the delivery of an innovation outcome:   
What role do boundaries play in knowledge flow and knowledge creation in an OI project? 
and 
How do these elements enable an OI project to progress over time? 
This chapter reports on the OI literature and studies taking a practice-based view of OI.  I begin 
by describing Innovation and Open Innovation, focusing on the central elements of OI processes: 
knowledge, boundaries, knowledge ‘flow’ and knowledge creation.  I then identify and discuss 
limitations to current OI theorisation and formulate the research questions that guide this study. I 
then outline the practice-based approach to knowledge and describe how the key elements of OI 
are conceptualised using this theoretical lens and the implications of taking this approach.  
Finally, I describe the literature that uses a practice-based view of knowledge to theorise 
innovation processes and end with a summary of the chapter. 
 
2.2 Open Innovation 
2.2.1 Innovation 
Innovation is widely accepted as essential to a firm’s ongoing economic viability and is seen as 
an important means of solving pressing social and economic issues (Dodgson, Gann & Phillips, 
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2014). It is more than the invention, development and implementation of new ideas:  it has been 
defined as “the successful exploitation of new ideas…and involves identifying, developing and 
exploiting new ideas to generate value” (Prabhu, 2014: 53).  The term ‘innovation’ is used to 
describe both a process and a product (Garud et al., 2013). This study examines innovation 
processes.  The process of innovation involves identifying new knowledge, sharing that 
knowledge and creating new knowledge (Du Chatenier et al., 2009) in the form of a new 
product, process or service (the innovation product).  Although important to a nation’s economic 
and social wellbeing, innovation is complex and difficult to manage. Practitioners involved in 
innovation processes face low success rates, low conversion of ideas into innovations (products, 
processes, and services), long timeframes, unpredictability and conflict between those 
individuals and organisations involved.  
Scholars have used several theoretical lenses to understand innovation, including learning and 
knowledge management theories (Brown & Duguid, 1998; Von Krogh, 1998; Leonard & 
Sensiper, 1998), network theories (Ahuja, 2000; Hansen, 1999; Powell, Koput & Smith-Doerr, 
1996), strategy (Dodgson, Gann & Salter, 2008) and economic theories (Brown & Eisenhardt 
1997; Van de Ven & Poole, 1995).  Models of innovation have evolved from the early linear 
technology push and market pull models, through a stage-gate sequence (Cooper, 1990) to 
coupled and integrated models (Hobday, 2005) and the non-linear dynamic model involving 
convergent and divergent activities (Van de Ven et al., 2007) to more complicated models that 
attempt to deal with feedback processes between and within innovation partners (Dodgson, Gann 
& Salter, 2008) that involve parallel rather than sequential development streams.  More recent 
conceptualisations of ‘idea-to-launch’ (Cooper, 2014) innovation processes include means of 
accelerating the innovation process, including ‘spiral’ or ‘iterative’ development (Cooper, 2014). 
While there are multiple conceptualisations of how innovation processes unfold, the core 
processes of innovation are generally agreed to involve overlapping sub-processes, indicative of 
stages of development of an innovation:  the generation of a new idea or invention (Hansen & 
Birkenshaw, 2007; Pavitt, 2009); the transformation of that initial new knowledge into products, 
services or processes, (Fagerberg et al., 2013) and the diffusion or implementation of this newly 
developed knowledge (in the form of products, services or processes) into its user context (Garud 
et al., 2013).  Models of ‘idea-to-launch’ (Cooper, 2014) innovation processes include five stages 
of development (idea generation, idea scoping, building the business case, development, testing 
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and validation and launch).  In this study, I use the term ‘innovation’ to include the progressive 
development from an idea to a product without specifying particular interim stages of 
development as the purpose of this study is to explore how such development takes place1.  
The expertise required for innovation is usually assembled through collaboration between 
experts. Whereas once firms would conduct their innovation processes in-house to limit 
knowledge spillovers to competitors (Pavitt, 2005), increasingly firms conduct their innovation 
activities collaboratively with other organisations in order to access the expertise required for 
increasingly complex challenges (Dodgson et al., 2014).  This type of innovation process has 
been theorised as Open Innovation (Chesbrough, 2003) and is the focus of this study. 
2.2.2 Open Innovation  
Open Innovation (OI), the phenomenon of interest to this study, is defined as a “distributed 
innovation process based on purposively managed knowledge flows across organisational 
boundaries” (Chesbrough & Bogers, 2014: 7). An OI process is understood to be ‘distributed’ 
across agents and organisations (Dubois & Araujo, 2006) and to involve collective creativity 
requiring diverse knowledge contributions from multiple actors (Parjanen, 2012) to create new 
knowledge in the form of new products, services or processes. OI therefore involves collective 
knowledge creation. An OI process involves knowledge crossing firm boundaries, either into the 
firm as inbound OI (Salter et al., 2014), which involves sourcing and acquiring (Dahlander & 
Gann, 2010), or out of the firm as outbound OI (Salter et al., 2014) that is, as revealing and 
selling (Dahlander & Gann, 2010) as shown schematically in Figure 2.1. Important elements of 
OI processes are therefore the boundaries between individuals and organisations, how knowledge 
flows across these, and how knowledge is created.  
 
1 This study examines innovation processes spanning from laboratory demonstration through to widespread clinical 
trials. 
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Figure 2.1: Important aspects of Open Innovation (OI) processes: boundaries, knowledge flow and knowledge 
creation. The figure depicts the following activities: 
• Organisation A recognizes the need for external knowledge  
• Organisation A searches and locates the knowledge in Organisation B 
• Organisation A acquires the knowledge through inbound innovation 
• Organisation A exploits the knowledge in its own context 
• Organisation A sells the exploited knowledge to Organisation C (commercialisation) 
Note: the figure depicts the traditional view of knowledge ‘flow’. The practice-based view of knowledge, used as the 
theoretical lens in this study, requires knowledge to be transformed for it to be able to ‘flow’, reflecting its inherent 
relationship with context. 
 
An important example of an OI process is university-industry engagement (Perkmann et al., 
2013) in which academic researchers (from universities) and non-academic agents (from firms) 
engage in knowledge-related collaboration to collectively develop laboratory scale ideas into 
innovations for use in the commercial world. Knowledge is envisaged to flow out from the 
academic knowledge domains, across the university-industry interface, and into the collaborating 
firm. Difficulties associated with OI projects such as university-industry engagement are 
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understood to arise from failures to overcome the boundaries between organisations (Dubois & 
Araujo, 2006).  
2.2.3 Theorisation of Open Innovation 
OI involves flows of knowledge across the boundaries between organisations, as well across the 
boundaries between individual agents’ knowledge domains. Successful implementation and the 
flow of benefits to those involved (Crossin & Apaydin, 2010; Dodgson, Gann & Salter, 2008) 
depends on successful knowledge exchange both within the inventor team itself and between the 
inventor team and other teams involved in the innovation process that develop the invention 
further to render it useable by its ultimate users in their context (Kotha et al., 2013). Thus, 
theorising OI involves theorising knowledge processes at play in OI projects.  How OI authors 
conceptualise knowledge processes, therefore, has important implications for their overall 
theorisation of OI.  However, the views of knowledge taken by OI scholars are not always 
explicit in reports of their research.  I therefore begin this section by examining the approaches 
taken to knowledge in the OI literature.  
2.2.3.1 Approaches to knowledge  
It can be difficult to discern from the literature the view of knowledge taken in a study, as 
authors frequently do not articulate this explicitly, despite the influence that assumptions about 
knowledge have on overall theorising of OI. A small number of literature reviews are helpful in 
identifying the views of knowledge that dominate in the OI literature. Crossan and Apaydin’s 
(2010) systematic literature review of three decades of innovation research identified the main 
views of knowledge used in innovation models as the resource-based view, learning models and 
knowledge management views. Rhandawa et al.’s (2014) bibliometric analysis of several 
decades of innovation literature identified the knowledge-based view (Kogut & Zander, 1992; 
Nonaka, 1994; Nonaka & Takeuchi, 1995) as being most associated with innovation theorisation. 
These views are consistent with an epistemology of possession (Cook & Brown, 1999), in which 
individuals are understood to possess knowledge and to interact with it (move, share and 
combine it) like a resource. The language OI authors use reflects this view of knowledge. For 
example, Alexy et al. (2013), in taking a behavioural view of the firm, treat knowledge as a 
resource (p. 270) that can be ‘exchanged’, ‘revealed’, ‘absorbed’, ‘produced’ and ‘embodied’ in 
technology, processes and routines. Garud et al. (2013) argue that knowledge can be ‘codified’ 
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into product design. Chesbrough (2012), argues that “to move knowledge you need to move 
people” (p. 25).  
Du Chatenier et al. (2009) examined the models of knowledge creation used by innovation 
scholars examining knowledge creation in OI teams, and identified nine models used in the 
literature, including the information processing model (Huber, 1991), the social learning cycle 
(Boisot, 1995), the transfer, translate or transform model of boundaries (Carlile, 2004), and the 
Socialisation-Externalisation-Combination-Internalisation (SECI) model of knowledge creation 
(Nonaka & Takeuchi, 1995). These models used differing views of knowledge as a resource, as a 
personal capability and as embedded in action, which the authors attributed to the different 
aggregation levels of the study (organisational, group, and individual), (p. 353). These models of 
knowledge creation treated knowledge as the property of individuals, yet also recognised that 
knowledge creation involves social aspects.  
OI scholars have also identified important social aspects of the working with knowledge 
involved in OI processes, by noting the importance of “the chemistry between inventors” (Kotha 
et al., 2013) and the importance of people developing a shared vision for their joint undertaking 
(Sydow et al., 2004). Chesbrough (2012) argued that “to transfer knowledge”, people “need time 
together to work on a problem” (p. 26); that OI works best when people “collaborate side by 
side” (p. 26); and also that OI “requires people in a boundary-spanning role” (p. 26). The 
importance of the social aspects involved in working with knowledge are also evident in 
accomplishing the “two faces of R&D” (Cohen & Levinthal, 1989). These two faces, exploration 
and exploitation (search and assimilation) (Allen, 1977; Coen & Levinthal, 1989; March 1991), 
are enhanced by people in the firm being active in the knowledge domains into or out of which 
knowledge needs to flow. The role of users, suppliers and external organisations working in 
tandem with members of a firm in developing innovations (collective knowledge creation) has 
also been reported (Toivonen, 2010; Von Hippel, 1988). Perkmann and Walsh (2007) pointed 
out the importance of both the channels/mechanism approach and the social aspects approach in 
collaborative knowledge work and described what happens in practice as more than the “simple 
technology transfer and knowledge transfer metaphors that are used in policy discourse” (p. 
267). 
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2.2.3.2 Boundaries 
The notion of boundary is critical to OI theorisation as OI involves flows of knowledge and 
resources across the boundaries between organisations, as well as the flow of knowledge across 
the boundaries between individual agents’ knowledge domains. OI scholars using a resource-
based view of the firm understand the boundaries between knowledge domains and organisations 
as technical and organisational interfaces (Dubois & Araujo, 2006). Scholars have demonstrated 
that boundaries play an important role in innovation activities (e.g. new product development, 
high tech manufacturing, and software development) (Bechky, 2003; Carlile, 2002, 2004) and 
that they can also constrain knowledge creation activities (Szulanski, 1996; Levina & Vaast, 
2005) and sometimes cause these activities to stall (Salter et al., 2014).  
In OI processes, agents create new knowledge by drawing on knowledge from different domains, 
which in turn depends on successfully negotiating their mutual boundaries. In large innovation 
projects, the relationships between participants can form complex networks, resembling 
innovation ecologies (Dougherty, 2011; Dougherty & Dunne, 2012). In these large relationship 
networks, difficulties associated with overcoming boundaries are multiplied, and managing these 
boundaries is a critical lever in encouraging successful OI (Goglio-Primard & Crespin-Mazet, 
2015). Difficulties associated with OI projects such as university-industry engagement are 
understood to arise from failures to overcome the technical boundaries and organisational 
boundaries involved (Dubois & Araujo, 2006; Perkmann & Walsh, 2007).  
Therefore, to successfully accomplish OI, boundaries must be overcome (Bogers et al., 2018). To 
date, the OI literature has mostly theorised the process of overcoming boundaries as knowledge 
‘flow’ (Garud et al., 2013) or ‘knowledge transfer’ (Bozeman, 2000) and has developed 
explanations about how such boundary-overcoming takes place. I discuss how the OI literature 
conceptualises these aspects next. 
 
2.2.3.3 Knowledge flow 
OI scholars have developed metaphors to explain how knowledge moves across boundaries 
between OI participants. Knowledge ‘flow’ (Garud et al., 2013) is itself one such metaphor, 
among others that include: knowledge transfer (Argote &  Ingram, 2000; Szulanski, 2000), 
exploration (Garud et al., 2013; March, 1991), exploitation (Escribano et al., 2008; March, 
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1991), absorptive capacity (Cohen & Levinthal, 1990; Peeters et al., 2014), and desorptive 
capacity (Lichtenthaler & Lichtenthaler, 2010; Schulze, Brojerdi & von Krogh, 2013). The 
metaphors continue with the people who facilitate the flow of knowledge across boundaries 
being called ‘boundary-spanners’ or ‘brokers’ (Hakanson et al., 2011; Hargadon, 2014). I set out 
the central aspects of these metaphors below.  
Knowledge flow and knowledge transfer: The notion of knowledge ‘flow’ is fundamental to OI 
processes in the theorisation of inflows and outflows of knowledge (Chesbrough, 2003; Mele, 
Russo-Spena, Nuutinen & Kallio, 2017). Many scholars reporting on collaborative knowledge 
work do not define knowledge ‘flow’, but instead use the term as it is used in ordinary 
conversation, implying movement of an object from one place to another, for example as “a 
unidirectional flow from unit A to unit B” (Berggren et al., 2011). Another term used by 
innovation scholars for the movement of knowledge from one party to another is knowledge 
‘transfer’ (Amesse & Cohendet, 2001; Autio & Laamanen, 1995; Bozeman, 2000; Bozeman et 
al., 2015), defined as successful when the receiving partner owns, is committed to, and is 
satisfied with the transferred knowledge (Cummings & Teng, 2003). OI scholars have identified 
some key factors that enable successful knowledge transfer: the attributes of the knowledge, 
knowledge-sharing routines, trust, governance structures, motivation, and the recipient firm’s 
capabilities (Schulze et al., 2013).  
Exploration and exploitation: The activities of exploration (March, 1991) in an OI process relate 
to an organisation either searching for new useful knowledge outside the organisation (Garriga et 
al., 2006; Garud et al., 2013; Purcell & McGrath, 2013) or creating that knowledge itself through 
invention (Hansen & Birkenshaw, 2007; Napier-Munn, 1997). The activities of exploitation 
involve using that knowledge within the organisation, that is, implementing that knowledge to 
improve organisational performance (Escribano et al., 2008). Firms tend to favour exploitation 
over exploration (Garud et al., 2013; Crossan & Apaydan, 2010) as it is perceived to involve less 
risk, fewer costs and deliver more benefits. Exploitation occurs by integrating the new 
knowledge in its particular form (product, process, service) with what the organisation already 
had in place (Garud et al., 2013) through reconfiguring it to fit. Several factors influence this 
implementation process, including organisational culture and structure, managerial attention and 
organisational legitimacy (Peeters et al., 2014). 
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Absorptive capacity and desorptive capacity: Absorptive capacity (Cohen & Levinthal, 1990) is 
defined as a firm’s ability to identify useful knowledge outside its boundaries and to effectively 
integrate that knowledge into its own operations to its competitive advantage (Escribano et al., 
2008; Cohen & Levinthal, 1990). Thus, absorptive capacity relates to an inbound knowledge 
flow. It is accepted as a key enabler of innovation (Peeters et al., 2014). In the example of 
university-industry engagement discussed above, the success of the relationship would be 
understood to depend on the firm’s ability to ‘absorb’ the new knowledge it needed from the 
university. Thus, a lack of absorptive capacity, or weak absorptive capacity, is understood to 
impede such a flow of knowledge, whereas strong absorptive capacity enables knowledge flow 
(Garud et al., 2013). While useful in describing knowledge flow, this approach does not 
illuminate how these processes are accomplished by the actors involved (Peeters et al., 2014). 
Desorptive capacity (Lichtenthaler & Lichtenthaler, 2010) refers to an organisation ‘releasing’ its 
knowledge to a third party, that is, an outbound knowledge flow, as in outbound innovation. It is 
defined as an organisation’s ability to transfer knowledge and to facilitate the uptake of this 
knowledge by the recipient. Desorptive capacity is also known as disseminative capability 
(Schulze, Brojerdi & von Krogh, 2013) where it is defined as the “ability of knowledge holders 
to convey knowledge in a way that a recipient can comprehend it and put it into practice” (p. 9). 
An organisation’s ability to transfer its knowledge successfully to an OI partner, as in 
commercialisation, is supported by the source firm’s own expert knowledge, its ability to assess 
the recipient’s knowledge base and how it encodes the knowledge for transfer (Lichtenthaler & 
Lichtenthaler, 2010). In non-OI circumstances, disseminating an organisation’s knowledge can 
be understood as knowledge ‘leakage’, which is usually guarded against to protect a firm’s 
know-how (Szulanski, 1996). 
Boundary-spanning: Studies of the social networks involved in OI projects have highlighted the 
importance of social relationships for successful OI (Hargadon, 2014) and have also 
demonstrated that individuals with experience of more than one knowledge domain, can act as 
‘brokers’ (Hakanson et al., 2011; Hargadon, 2014; Hargadon & Sutton, 1997) between 
knowledge groups and in so doing, bridge the ‘structural holes’ in those social networks (Burt, 
2004). Boundary-spanners, or brokers, therefore, facilitate knowledge flow between the OI 
participants. The social networks formed by social relationships (e.g. Granovetter, 1973) in an 
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innovation venture have been shown to provide an important means of enabling knowledge flow 
between individuals (Kastelle & Steen, 2010).  While individuals can act as boundary spanners, 
in recent times organisations have been set up to undertake this function on a larger scale 
(Dodgson and Steen, 2008) to “bridge the thought worlds of different industries, functions and 
disciplines” (Hakanson, Caessens & MacAualy, 2011: 261).  
The metaphors relating to knowledge ‘flow’ described above reflect the conceptualisation of 
knowledge in the OI literature as a physical entity that can flow, be transferred, be absorbed and 
desorbed, be explored and exploited.  While these metaphors are very useful in working with 
organisation level aspects of OI, taking this approach can limit OI theorisation.  These limitations 
are discussed later in this chapter. 
2.2.3.4 Knowledge creation 
A model of knowledge creation used widely in the OI literature is the Socialisation-
Externalisation-Combination-Internalisation (SECI) model (Nonaka 2006; Nonaka and 
Takeuchi, 1995) involving the processes of socialisation of knowledge, externalisation of 
knowledge, combination of knowledge and internalisation of knowledge. In this model, 
knowledge creation originates with individuals socialising in order to externalise their tacit 
knowledge.  They then combine these externalised knowledge fragments through further 
socialisation to create new knowledge. Finally, the new knowledge is internalised and in turn 
becomes tacit knowledge (Nonaka et al., 2006). This model is based on the assumptions that 
knowledge is: possessed by individuals;  occurs in tacit (embodied in people) and explicit 
(codifiable) forms;  and created by individuals sharing their knowledge with others by converting 
it from tacit to explicit and then engaging in inter-justification with other individuals. The SECI 
model is often used in OI research because it explicates the observed phenomenon of individuals 
acting as ‘brokers’ between different knowledge domains. The SECI model explains that 
individuals who are familiar with two knowledge domains can act as boundary spanners between 
the individuals of those domains to facilitate the knowledge sharing step in the SECI model.  
Recently, OI scholars have continued to develop an approach to understanding OI based on 
interactions between individuals called co-creation (Ramaswamy, 2009) building on earlier work 
on user innovation by Von Hippel (1988). Co-creation is defined as the collaborative process 
between two parties that allows for “their two kinds of knowledge to imbricate over time” 
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(Sharma & Bansal, 2019: 4) usually in the context of joint development of products, services and 
experiences by firms and users (Ramaswarthy, 2009). Co-creation, also known as user 
innovation, has usually been examined by observing co-creation events between open innovation 
partners. However, recent research (Sharma & Bansal, 2019) has shown that co-creation is 
actually an ongoing process both during these events and between them. In that study, co-
creation sometimes occurred and sometimes did not occur when agents came together over an 
extended series of collaborative events, depending on the extent of their dialogic engagement 
with each other.  The OI literature therefore recognises the importance of social processes to OI 
activities, but its conceptualisation of knowledge as being located with individuals limits 
theorising, as discussed in the next section.   
2.2.4 Limitations to OI theorising 
The concept of OI has been widely taken up by innovation researchers and used to examine 
several different types of innovation activities (e.g. licensing (Gambardella, Giuri & Torrisi, 
2014), collaborations (Perkmann et al., 2013) and distributed problem solving (Jeppesen & 
Lakhani, 2010); however, the resulting theorisation does not yet form a coherent theoretical base 
(Bogers et al., 2017).  In addition, practising Open Innovation is still fraught with risk and 
conflict and is difficult to manage, leading to variable, often unpredictable outcomes (Hansen & 
Birkenshaw, 2007). Thus, some aspects of OI processes are still poorly understood, and some 
limitations have yet to be resolved, namely: the level of analysis dominant in the literature, the 
widespread use of a cognitive view of knowledge, limited sensitivity to context, and lack of 
longitudinal data.  I outline each of these limitations below. 
While OI scholars have developed important high-level theorising, most studies of OI have 
focused on the organisational level (Crossin & Apaydin, 2010; West et al., 2014), using surveys 
and secondary data, and have not explored OI activities at the level of the individual or of OI 
projects (Salter et al., 2014). As a result, OI scholars have not yet provided insights into what 
actors actually do to overcome their mutual boundaries to enable the knowledge ‘flow’ required 
for collaborative knowledge creation (Felin & Foss, 2005, cited in Crossin & Apaydin, 2010). 
Thus the ‘micro-foundations’ of OI are not well theorised (West et al., 2014). In addition, while 
high-level conceptualisations of how OI processes progress through time have been formulated, 
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it is not yet known how OI processes unfold at the micro-level; that is, how progress over time is 
achieved at the level of individuals. 
Much of the OI literature assumes a cognitive view of knowledge that locates knowledge with 
individuals. This knowledge is either tacit (Collins, 2001; Hadjimichael & Tsoukas, 2017) or 
explicit (Brown & Duguid, 1998). Explicit knowledge can be shared readily, and it is this sharing 
that is understood to enable knowledge flow and knowledge creation. The much used SECI 
model of sharing and creating knowledge (Nonaka, von Krogh & Voelpel, 2006) requires that 
knowledge first be made explicit, through socialisation, in order for it to be able to be shared. 
This view of knowledge limits how OI scholars understand how knowledge is mediated, so that 
it can ‘flow’. While authors recognise the important role people with knowledge of multiple 
knowledge domains play as boundary-spanners and facilitators of knowledge flow, and the role 
of dialogue between parties involved in OI, they have not explicitly considered the mediation of 
knowledge by objects (other than people) or by sharing practice, as is possible with alternative 
views of knowledge.  
Several models proposed as explicating Open Innovation, have difficulty explaining the 
differences between innovation processes observed in practice in different industry sectors 
(Crossin & Apaydin, 2010). Later developments of the SECI model (cognitive view of 
knowledge) included a consideration of the place of  knowledge activities through the concept of 
‘ba’ (Nonaka & Konno, 1998); however this development has not been widely taken up in OI 
work.  More recent development of the stage-gate approach has also attempted to take context 
into consideration (Cooper, 2014).  Finally, most studies have used data relating to ‘moments in 
time’ rather than longitudinal data and so provide limited theorisations of how an OI project 
progresses over time. 
To address these limitations in the theorisation of OI, the study focused on the important 
elements of boundaries, knowledge flow and knowledge creation at the level of individuals 
engaged in OI projects and was guided by the research questions: 
What role do boundaries play in knowledge flow and knowledge creation in an OI project? 
and 
How do these elements enable an OI project to progress over time? 
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Scholars have offered advice on developing a research strategy to address questions such as 
these. Kotha et al. (2013) suggested that innovation researchers focus on the core problem 
underlying innovation: how to “gainfully combine different knowledge domains” (p. 2013) and 
Hedstrom and Wennberg (2017) have argued that innovation scholars need to direct their 
research towards the mechanisms involved in OI to generate much needed insights into the 
innovation process. In order to further theorise the OI process, Perkmann and Phillips (2017) 
pointed out the value of applying organisation theory to the problem. Following this line of 
thought, I used an alternative view of knowledge to explore these questions, a theoretical lens 
increasingly being used by organisation scholars to explore knowledge processes: the practice-
based view of knowledge. The practice-based view of knowledge and the advantages it offers to 
exploring the micro-foundations of OI processes and addressing some of the limitations of 
existing OI theorisation, are set out in the next section. 
 
2.3 The practice-based view of knowledge, boundaries, knowledge flow and knowledge 
creation  
2.3.1 Knowledge 
To date, most OI literature has taken a cognitive approach to knowledge. However, as discussed 
above, this approach has several shortcomings in its ability to theorise OI processes. Therefore, 
assumptions about the nature of OI processes based on that approach could misguide OI 
practitioners as they plan and manage OI processes and authors have suggested that many of the 
mixed results obtained in executing knowledge collaborations are caused by such flawed 
assumptions about the nature of knowledge (Swan, Newell & Nicolini, 2016). Therefore, to 
explore the theorisation of knowledge creation, I examine work reported by authors taking an 
alternative view of knowledge that provides the opportunity to more fully theorise OI knowledge 
processes: a practice-based view of knowledge.  
This theoretical stance considers the practices enacted by agents as a central element in the 
constitution and creation of knowledge. In this study, I use the definition of ‘practices’ provided 
by Cook and Brown (1999: 387): practices are “the coordinated activities of individuals and 
groups in doing their 'real work' as it is informed by a particular organisational or group context”. 
The practice-based approach focuses on practices and the relationships between them, rather than 
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on agents and their activities (Nicolini, 2012). The cognitive approach views knowledge as 
something located with individuals, whereas from the practice-based view, knowing is a 
collective activity situated in practices (Gheradi & Miele, 2018). From the cognitive view, 
‘common knowledge’ is important for collaboration; whereas from the practice-based view, the 
concept of common practices is important (Brown & Duguid, 1991, 2001).  
Researchers taking the practice-based perspective connect ‘knowing’ with ‘doing’ (Gheradi, 
2000). ‘Knowing’ (Nicolini, 2011) is what people do, not something that people possess (Brown 
& Duguid, 1998). Instead, knowledge develops in ‘sites of knowing’ (Nicolini, 2011), that is, in 
locations where knowledge is collaboratively interacted with, and is brought about at the “nexus 
of interconnected practices” (Nicolini, 2011: 603). Knowledge is therefore a social and cultural 
phenomenon (Gheradi, 2000).  Logically, then, as knowledge from this perspective is not a 
resource or commodity that can be readily transferred ‘as is’ from one person to another 
(Marabelli & Newell, 2012), it cannot ‘flow’. In contrast with the cognitive view, from the 
practice-based perspective, knowledge itself cannot be managed: it is only possible to manage 
knowledge work (Newell, 2014).  
The practice-based approach understands knowledge as socially constructed (Brown & Duguid, 
2001; Cook & Brown, 1999; Gheradi & Nicolini, 2000; Marabelli & Newell, 2012). This implies 
that the collaborative knowledge work involved in OI processes comprises a collection of social 
interactions. Knowledge develops through social interactions between individuals in a group 
over extended periods of time (Gheradi, 2009; Gheradi & Nicolini, 2000; Wenger, 1998). The 
knowledge thus created is therefore specific to that context (Gheradi & Nicolini, 2000) and 
cannot be separated from it (Marabelli & Newell, 2012). 
While there is no one practice theory (Schatzki, 2001), there are three types of relationships 
theorised between knowledge and practice (Gheradi, 2006). The first is the containment view, in 
which knowledge is contained in the social relationships between agents enacting shared 
practices in communities of practice (Brown & Duguid, 1991; Lave &Wenger, 1991). The 
second is the mutual constitution view. In this approach, knowledge and practice are seen as each 
depending on the other and through their interaction, producing each other (Nicolini, 2011). This 
approach thus recognises knowledge as an object that can be possessed by people (an 
epistemology of possession (Cook & Brown, 1999) and also as what people do (an epistemology 
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of practice (Cook & Brown, 1999; Marshall, 2008). The relationship between knowledge and 
knowing is conceived of as a ‘generative dance’ (Cook & Brown, 1991), each doing epistemic 
work the other cannot do. The third view is the equivalence view (Gheradi, 2006), in which 
knowledge and practice are ontologically equivalent (Gheradi, 2009; Knorr-Cetina 2007; 
Marabelli & Newell, 2012). Knowing occurs through sociomaterial practices and is “constituted 
or renovated as actors engage with the material world in practice” (Nicolini, 2011: 604). I take 
the equivalence practice-based view in this study. 
The ‘equivalence view’ recognises the social construction of knowledge (Gergen, 2009; 
Sandberg & Targama, 2007) and the embedding of knowledge in practice (Brown & Duguid, 
1998; Nicolini, 2011). Practice generates knowing as individuals interact with each other and 
non-human objects (Feldman & Orlikowski, 2011; Sandberg & Tsoukas, 2011). Knowing is 
dispersed between people, objects and practices (Nicolini, 2011; Orlikowski, 2010). Due to 
ongoing social interaction within a group, knowledge is always emerging and developing or 
‘becoming’ (Chia & Holt, 2008) as people interact with it. Knowledge is not compartmentalised 
into ‘explicit’ and ‘tacit’. In this view, ‘explicit’ and ‘tacit’ aspects of knowledge cannot be 
separated: they are ‘mutually constituted’ (Tsoukas, 1996: 14). 
2.3.2  Boundaries 
Experts from different knowledge domains are often assembled in an OI project to provide the 
complete suite of expertise required.  However, from the practice-based view, each type of 
specialised knowledge has developed in its own different social group in different contexts 
(Bechky, 2003b) with its own specialised practice.  When experts from different knowledge 
domains then try to understand each other when collaborating, their differences in expert practice 
cause difficulties in mutual understanding. These difficulties in understanding have been called 
‘knowledge boundaries’ (Brown & Duguid, 2001; Carlile, 2002, 2004).  Knowledge boundaries 
therefore do not depend on any inherent properties of the knowledge itself such as ‘sticky’ or 
‘leaky’ (Brown & Duguid, 2001; Szulanski, 1996) as in cognitive theorisations of OI.  Like the 
‘boundaries’ between organisations in the OI literature, knowledge boundaries can also impede 
knowledge ‘flow’ by limiting mutual understanding and need to be overcome to enable a 
successful OI process.   Three types of knowledge boundaries, of increasing complexity, are 
proposed in the literature (Carlile, 2002, 2004): syntactic boundaries, relating to differences in 
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language; semantic boundaries, relating to differences in common meaning; and pragmatic 
boundaries, relating to differences in common interests. This study involves only the most 
complex of these, pragmatic boundaries. 
2.3.3 Knowledge ‘flow’ 
From the practice-based view, knowledge is developed in social groups over time, so it is 
specific to its development context (Gheradi & Nicolini, 2000). This means that it cannot be 
separated, unchanged, from that original context (Marabelli & Newell, 2012; Osterlund & 
Carlile, 2005). Thus, from the practice-based view, knowledge cannot ‘flow’ or be ‘transferred’ 
between contexts, (Cook & Brown, 1999). Instead, it needs to be re-created in the new context 
(Osterlund & Carlile, 2005; Swan, Newell, Scarbrough & Hislop, 1999).  
To enable knowledge ‘flow’ in an OI project, individuals must overcome any knowledge 
boundaries that arise due to differences in practice by rendering their knowledge sufficiently 
intelligible to each other so that they are able to draw on and use each other’s expertise (Bechky, 
2003b; Barley, 2015; Brown & Duguid, 2001; Filstad, 2014) in order to recreate their knowledge 
in its new context. From the practice-based view, this is known as transforming knowledge 
(Bechky, 2003; Carlile, 2002, 2004). Therefore, understanding knowledge ‘flow’ in OI processes 
requires understanding how agents transform each other’s knowledge so that it can be 
successfully re-created in the ‘receiving’ context. This process of transformation of knowledge to 
overcome a knowledge boundary, in OI terms, equates to knowledge being ‘desorbed’ from one 
context and ‘absorbed’ into another.   
Knowledge transformation involves changing it so that others can understand it from their own 
context-bound view (Majchrzak et al., 2012; Gheradi & Nicolini, 2000) and it involves re-
creating the knowledge in its new context (Brown & Duguid 1991; Swan et al., 1999; Yakhlef, 
2007). Transformation of knowledge at a knowledge boundary, to overcome that boundary, can 
be accomplished in three ways: through dialogic means such as negotiation (Tsoukas, 2009); by 
using objects to mediate, or facilitate, knowledge sharing (Knorr-Cetina, 2001) and by sharing 
practice (Brown &  Duguid, 2001; Carlile, 2004; Gheradi & Nicolini, 2000; Levina & Vaast, 
2005; Swan et al., 2016). Some, or all of these means may be involved in OI processes, 
depending on the type of knowledge boundaries that arise in each specific context.  I describe 
each of these means of transforming knowledge to overcome knowledge boundaries below.   
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Dialogical engagement has been the traditional approach taken by collaborating groups to 
overcome their knowledge barriers (e.g. Akkerman & Bakker, 2011; Biscaro & Comacchio, 
2017; Majchrzak et al., 2011; Siedlok, Hibbert & Sillince, 2014; Tsoukas, 2009). This entails 
people engaging deeply with each other in dialogue such that they can understand each other’s 
knowledge. This approach takes time, willingness and significant effort.  For this dialogical 
approach, at least some common knowledge between groups is regarded as essential for 
knowledge transformation (Grant, 1996). Negotiation requires individuals to identify any 
knowledge boundaries arising and to articulate all the associated assumptions, dependencies and 
attitudes. In effect, this approach involves team members presenting their own world view 
(Dougherty, 1992) to other team members, in terms of their different world view – an 
exceptionally difficult task. 
This process in which team members interact, iteratively questioning each other and listening to 
attempt to bridge their worldviews, has been described as ‘deep dialogue’ (Tsoukas, 2009) This 
activity requires agents to deeply understand each other’s knowledge domains. Another process 
of iterative dialoguing identified is ‘perspective taking’ (Boland & Tenkasi, 1995).  Other 
authors (Hargadon & Bechky, 2006) describe four types of social interactions (help seeking, help 
giving, reflective reframing and reinforcing) used by multi-disciplinary project team members to 
share their implicit assumptions and attempt to understand each other’s epistemic perspective. 
Used together, these social interactions enable the individuals to become creative together, or 
‘collectively creative’.  However, negotiating knowledge boundaries in this way is complex, time 
consuming, resource intensive and requires considerable interpersonal and facilitation skills. 
Therefore, while the negotiation approach to transforming knowledge may be conceptually 
accessible, this approach may not be practical for the multiple parties engaged in an OI process 
where timeframes are short, resources are limited, and the specialists involved may not possess 
the high level of interpersonal expertise this approach requires.  
Mediation of knowledge can be accomplished by people and by objects (Kaplan et al., 2017; 
Monteiro & Nicolini, 2015; Swan, Bresnen, Newell & Robertson, 2007; Van de Ven & Johnson, 
2006).  In different accounts, human mediating actors are called brokers (Allen et al., 1979), 
translators (Brown & Duguid, 1998; Marabelli, Newell, Krantz & Swan, 2014) and, in some 
investigations, boundary spanners (Bessant & Rush, 1995; Booz & Lewis, 1997; Mengis, 
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Nicolini & Swan, 2018; Orlikowski, 2007).  While these mediating actors do not ‘carry’ 
knowledge themselves, they facilitate the process of developing mutual understanding. Human 
mediators are argued to undertake the roles of translators and knowledge brokers (Brown & 
Duguid, 1998; Gasson, 2005) by presenting the knowledge of one community from the 
perspective of the other and working iteratively between the two communities. Knowledge 
brokers are usually individuals who are members of one community but who interact with 
another community and can bring that knowledge back into their own community. They need to 
be socially skilled (Gasson, 2005) and have a good social fit with the people involved (Giaretta, 
2013). These mediators can transform knowledge from one community to another at complex 
pragmatic knowledge boundaries, as encountered in this study (Carlile, 2002, 2004).  
Mediation of knowledge can also be accomplished by objects.  Objects are those artefacts, 
material and conceptual, that people use in their day to day work, for example tools (Bechky, 
2003b; Carlile, 2004), software (Gasson, 2005; Yakura, 2002), prototypes (Carlile, 2002; 
McNair et al., 2015), and project timelines (Yakura, 2002). The practice-based view recognises 
that humans interact with non-human objects as well as each other (Latour, 1987) and understand 
that knowledge is created as they interact (Feldman & Orlikowski, 2011; Sandberg & Tsoukas, 
2011).  This view of knowing, the interaction between people and objects, is known as 
sociomateriality (Orlikowski, 2007). Objects play an important role in mediating knowledge 
processes (Carlile, Nicolini, Knorr-Cetina, 2001: Langley, Smallman & Tsoukas, 2013; Levina 
& Vaast, 2005; Nicolini, Mengis &Swan, 2012) by facilitating knowledge transformation 
(Carlile, 2002, 2004; Marabelli et al., 2014; Nicolini, 2011).  The objects mediating knowledge 
between agents have been called boundary objects (Brown & Duguid, 1998; Levina & Vaast, 
2005; Spee & Jarzabkowski, 2009; Star & Griesemer, 1989).   
Boundary objects inhabit the world of each expert community and convey the information 
required by each community (Star & Greismer, 1989) without the parties needing to have 
knowledge in common (Star & Greisemer, 1989). Knowledge transformation is thus facilitated 
without first having to create common ground (Lainer-Vos, 2013). A boundary object’s 
facilitative function arises as a consequence of its social context, where it is entwined in practice 
(Levina & Vast, 2005). Boundary objects can facilitate knowledge sharing across communities 
of practice (Glasson, 2005), professional groups (Bechky, 2003a) and enable problem solving 
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between communities (Bechky, 2003b; Carlile, 2002). By using boundary objects to transform 
knowledge, different communities can understand the knowledge being shared from the 
perspective of their own work contexts (Carlile, 2002) and their own context-bound way of 
knowing (Yakura, 2002). 
Boundary objects can be concrete (e.g. a prototype) or abstract (e.g. a project plan) and may have 
different meanings to each group, but the high level meaning of the object is sufficiently 
recognisable by each group such that its meaning is effectively translated (Star & Greisemer, 
1989). Boundary objects are most effective where they are concrete and are sufficiently loosely 
defined to make sense to each group (Bechky, 2003a; Carlile, 2002). Tools can also act as 
boundary objects as they can collate knowledge inputs from several actors (Spee & 
Jarzabkowski, 2009). Boundary objects can function in face to face interactions between people, 
by ‘contact’ (Nicolini, 2011) and also through virtual or physically distant interactions between 
people – ‘at a distance’, interaction (Nicolini, 2011). Because boundary objects depend critically 
on the context of their use in practice, an artefact that functions well as a boundary object in one 
situation may not necessarily act as a boundary object in another situation (Yakura, 2002).  
Boundary objects can either facilitate or constrain knowledge transformation at knowledge 
boundaries and as a consequence, either diffuse or augment existing knowledge boundaries 
(Carlile & Rebentisch, 2003; Spee & Jarzabkowski, 2009). 
Boundary objects can be formally authorised for use in an organisation (designated boundary 
objects) or they can emerge through practice over time (boundary objects-in-use), (Levina & 
Vaast, 2005; Spee & Jarzabkowski, 2009). In rapidly changing situations where there is 
insufficient time for shared language and methods to evolve as the groups interact, as in many 
fast-paced OI processes, boundary objects can compensate for some of this lack (Carlile & 
Rebentisch, 2003). When conditions are relatively stable, such as in an ongoing business 
operation, boundary objects can be ‘recycled’; but in novel or turbulent environments such as OI 
processes, new boundary objects need to be created to capture the emerging aspects of the 
knowledge that need to be transformed (Carlile & Rebentisch, 2003; Nicolini et al., 2012). 
Boundary objects can also change over time as a result of interactions with human agents (e.g. 
McGivern & Dopson, 2010; Majchrzak et al., 2011), becoming in effect epistemic objects 
(Knorr-Cetina, 1997, 2001). In such cases, these epistemic objects continually evolve over the 
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course of the team’s work together. The creation and development of these epistemic objects 
enable the team to transform the new knowledge as it is continually developed. Epistemic objects 
therefore play an important role in the creation of new knowledge (McGivern & Dopson, 2010; 
Newell, 2014) as in OI processes.  
Objects mediate knowledge transformation in social contexts, so their use can be influenced by 
the competing interests of the actors involved (Carlile, 2004; Heizmann, 2015) though how 
power influences knowledge practices is not yet fully understood (Hislop, 2013). In an 
examination of knowledge transformation across professional boundaries, Kimble, Grenier and 
Goglio-Primard (2010) reported that while the choice of boundary objects was usually made on 
the basis of complexity of the innovation involved, in a significant number of cases, those 
choices were also made on a political basis, by actors in positions of authority on the basis of 
their own interests. A similar conclusion was reported by Sapsed and Salter (2004) for 
collaborating project teams in a large globally dispersed IT program. Political selection and use 
of strategy tools as boundary objects have also been noted by Spee and Jarzabkowski (2009). 
Knowledge transformation using mediators is often less resource-intensive than non-mediated 
knowledge transformation (Levina & Vaast, 2005; Majchrzak et al., 2011) and so is relevant to 
OI processes where resources may be limited. Majchrzak et al. (2011) called the intensive, 
effortful approach involving deep dialogical engagement ‘traversing’ a knowledge boundary 
because of the extent of work involved. In contrast, they reported that agents in their study could 
‘transcend’ their knowledge boundaries by mediating knowledge. These terms ‘traversing’ and 
‘transcending’ convey the differing sense of resource-intensiveness associated with dialogical 
approaches on one hand and mediation approaches on the other. 
By sharing practice: Groups sharing practice have been the subject of extensive research in the 
Community of Practice literature (Brown & Duguid 1991; Carlile & Rebentisch, 2003; Grandori, 
2001; Kotlarsky et al., 2014, Lave & Wenger, 1991). The specialised expertise developed in a 
shared-practice group, is specific to that group (Brown & Duguid, 2001; Carlile & Rebentisch, 
2003; Kotlarsky et al., 2014) because it develops through the activities of that group in that 
context (Bechky, 2003b). For people sharing practice, mutual understanding is relatively 
straightforward (Barley, 2015) as knowledge boundaries do not arise.  However, for experts who 
do not share practice, or share only minimal practice, knowledge boundaries arise as a result of 
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those differences in practice (Bechky, 2003b; Barley, 2015; Brown & Duguid, 2001; Filstad, 
2014) and so those experts need to transform their knowledge.  Sharing practice can overcome 
knowledge boundaries to enable knowledge ‘flow’ because, from the practice-based view used in 
this study, knowledge is epistemically equivalent to practice (Gheradi, 2000, Knorr-Cetina, 
2007).  Several studies have examined overcoming knowledge boundaries by sharing practice 
(Cook & Brown, 1999; Gheradi, 2006; Lam, 2007; Levina & Vaast, 2005; Marabelli & Newell, 
2012; Swan, Bresnen, Newell & Robertson, 2007).  However, fewer studies have reported on the 
role of agents developing new practices to overcome knowledge boundaries (e.g. Bruns, 2013; 
Kaplan et al., 2017; Levina &Vaast, 2005; Olsen, 2009).  This emerging area in the literature is 
important because it provides additional insights into how knowledge boundaries can be 
overcome without the need for deep dialogue (Tsoukas, 2009). 
A small number of authors report on actors sharing practices and developing new practices to 
overcome their knowledge boundaries. In a study of a team engaged in innovative work 
comprising agents from different functions within the same organisation (Majchrzak, More & 
Faraj, 2011) the authors found that agents were able to ‘transcend’ their knowledge differences 
by developing collaborative practices that enabled them to engage with each other at a 
superficial, yet effective, level. These shared practices seemed to minimise interpersonal 
conflicts. The practices that enabled ‘transcending’ knowledge boundaries included voicing 
fragments, co-creating a scaffold of how agents understood the issue, dialoguing around the 
scaffold, moving the scaffold aside, and finally sustaining engagement. Likewise, Kellogg et al. 
(2006) in their study of knowledge work involving agents from different functions in a fast-
paced marketing organisation, found that agents enacted practices that enabled them to overcome 
knowledge boundaries of a range of complexities (2002). The practices enacted included display, 
representation and assembly- the latter to transform knowledge at a pragmatic boundary (as 
explored in this study)- without having to engage in deep dialogue with each other.  
An examination of a collaboration between experts from different knowledge domains in a 
university environment (Bruns, 2013) reported that agents created new practices to overcome 
their knowledge boundaries. The author identified a suite of practices developed by agents that 
allowed them to achieve their objectives without deep engagement. In this instance, knowledge 
boundaries between fields of expertise caused experimental breakdowns. These breakdowns 
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prompted agents to deliberate with each other about practice and thereby to create new 
collaborative practices. These new shared practices allowed agents to overcome their knowledge 
boundaries with relatively superficial engagement with each other which did not require them to 
fully comprehend each other’s disciplinary knowledge. Similarly, a study that followed people as 
they developed competence in boundary spanning (Levina & Vaast, 2005) during the 
implementation of intranet applications within an organisation found that agents achieved this 
outcome by modifying their practices to accommodate the interests of others. The authors 
concluded that for boundary spanning to occur, a new joint field of practice had to be produced. 
Galison (1997) used this approach in his interpretation of data from the collaboration between 
experts in the sub-cultures of physics (theoreticians, experimentalists and instrumentation 
developers) in their development of radar technology after the Second World War. To 
accomplish this collaboration, they co-developed new practices and new objects to enable them 
to communicate sufficiently across their knowledge boundaries to achieve their objective. The 
crucial object that they created and used in the co-developed new practices was an 
‘interlanguage’ that enabled them to better understand each other. Finally, Olsen (2009) reported 
that people, in the context of a multidisciplinary collaboration within a university environment to 
develop microfluidics technology, created common practices to overcome the challenges to 
understanding arising from their disciplinary diversity. She described the resulting new practices 
as ‘intertwined’ work practices and suggested that these practices evolved in response to 
unexpected events, to “cope with the unplanned” as it arose (p. 45). 
This section has set out the practice-based conceptualisations of how knowledge boundaries are 
overcome by three means: dialogical means, mediation of knowledge by people and objects and 
by sharing practice.  This account illustrates the complexities involved when knowledge is 
conceptualised as something that is enacted rather than something that is possessed.  This 
additional complexity, compared to that of the mainstream OI literature, enables a more nuanced 
conceptualisation of knowledge ‘flow’ and as a consequence, enables a more detailed 
theorisation of knowledge processes in OI.   
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2.3.4  Knowledge creation  
From the practice-based view, knowledge can be embedded in practical procedures, inscribed in 
objects and embodied in people (Nicolini, 2011).  Therefore, creating knowledge involves the 
creation of new practice, new objects and new knowing.  
The main theorisation of knowledge creation in the Knowing-in-practice literature is that of self-
distanciation, prompted by productive dialogue (Tsoukas, 2009, 2018).  Knowledge is argued to 
be “the individual capability to draw distinctions, within a domain of action, based on an 
appreciation of context or theory or both,” (Tsoukas & Vladimirou, 2001: 973; Tsoukas, 2009) 
and it is created by agents using a dialogical approach (Tsoukas, 2009, 2018).  In order to draw 
distinctions, people refocus from perceiving their activity as a whole, to perceiving it as its 
component parts.  The ability to draw distinctions is facilitated by being able to reflect on a 
practice from ‘outside’ their engagement with that practice. This impartial reflection is in turn 
assisted by face to face social interaction with others. Through this direct social interaction, 
participants engage relationally in dialogue. If the dialogue is productive, that is, if individuals 
are willing to engage sufficiently to hear the other’s views and be curious to understand them, 
self-distanciation (Kögler, 1996; Hendrickson, 2004) becomes possible. Self-distanciation, 
whereby individuals are able to distance themselves from their practice, then provides the new 
insights that enable the articulation of new distinctions through three conceptual change 
processes: conceptual combination, conceptual expansion and conceptual reframing (Tsoukas, 
2009, 2018). If through further social interaction these new distinctions are inter-subjectively 
accepted, they become new knowledge.  
Three important elements of the practice-based theorisation of knowledge creation are: 
overcoming knowledge boundaries through productive dialogue enables knowledge creation 
(Bechky, 2003, 2003b; Carlile, 2002, 2004); the “engine of knowledge creation is articulation” 
(Tsoukas, 2018: 3); and knowledge is created when people are able to engage in self-
distanciation through social interaction (Tsoukas, 2003).  
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2.4 Implications of using a practice-based view as the theoretical lens  
Taking a practice-based view of knowledge reflects observations that knowledge in OI processes 
has a strong social component and offers advantages to theorising OI processes. Taking this 
approach extends the conceptualisation of knowledge in an OI process from tacit (uncodifiable) 
and explicit (codifiable) knowledge associated with individuals, to the more inclusive notion of 
knowledge as manifesting in practices and in the objects used in those practices (Gheradi & 
Miele, 2018) in addition to that knowledge located with individuals.  This view of knowledge 
allows us to include mediation of knowledge by boundary objects as well as boundary-spanners 
(people) in our consideration of OI.   Similarly, a practice-based view of knowledge does not 
require knowledge to be made explicit before it can be understood by others (as for example in 
the SECI model, Nonaka et al., 2006) as it can transformed for mutual understanding by sharing 
practice, as described above.  This possibility removes the need for deep engagement which can 
be effortful and take significant time.  Finally, taking a practice-based view of knowledge allows 
us to theorise about the context dependency of OI processes observed in practice in different 
industry sectors. Knowledge from this stance is socially constructed in its particular context of 
origin and therefore reflects the unique properties of that situated context. Understanding this 
aspect of knowledge enables us to understand that each OI process develops its own unique, non-
interchangeable knowledge and that if we want to apply that knowledge in another context, as in 
outbound innovation, it will need to be transformed to suit the receiving context. Likewise, in 
inbound innovation, knowledge developed in an external context (the source of that knowledge) 
will need to be transformed before it can be successfully taken-up. 
While taking a practice-based approach has several advantages over the widely used cognitive 
approach to knowledge, it does have some limitations, the main one being the inherent 
complexity of practices themselves and the difficulty associated with exploring them in the field 
and representing them accurately in a finished study. Schatzki’s definition of practices (Schatzki, 
2001: 2), “embodied, materially mediated arrays of human activity centrally organised around 
shared practical understandings”, indicates their complexity and suggests that methodological 
and theoretical challenges may well arise in conducting an empirical study and in the analysis of 
the data collected. Orlikowski argues for the value of taking a practice-based approach, 
“however inconvenient or complicating this renders the processes and products of research” 
(Orlikowski, 2010: 28). Studying practices requires skilled, insightful fieldwork that can be very 
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time consuming (Nicolini, 2012). Such studies tend to generate large quantities of data that can 
be difficult and time consuming to analyse (Corbin & Strauss, 2008). Conclusions drawn from 
such studies are inherently limited to the context studied and any theory built in such studies is 
grounded in the conditions of that context (Orlikowski, 2010). However, while complex and 
time-consuming, the practice-based approach is reported to be an appropriate, worthwhile means 
for examining what practitioners actually do in practice (Feldman & Orlikowski, 2011; 
Orlikowski, 2010). 
 
2.5 The practice-based innovation literature  
Taking a practice-based view of OI has the potential to generate further explanations of how the 
processes involved are accomplished, thus complementing existing literature that has described 
organisation level features of OI activities (Johnson et al., 2003 as cited by Crossin & Apaydin, 
2010). Taking a practice-based view allows the researcher to investigate all the components of 
innovation together: agents, activities, tools and context (Carida, Melia & Colurcio, 2014) and 
thus is a means of integrating theorising at the level of individuals with that at the level of 
organisations (Crossin & Apaydin, 2010).  
A practice-based view of innovation was presented by Brown and Duguid in 1991 (p. 40), as a 
“unified view of working, learning and innovation” in which people, when working, are also 
accomplishing learning and innovating. This notion of innovation is concerned with the creation 
of knowledge within an organisational unit or community of practice. It underpins the more 
recent notion of ‘practice-based innovation’ (Ellstrom, 2010), which refers to agents renewing 
their own operations. This practice-based innovation occurs in response to agents encountering a 
problem in their usual day-to-day activities (Parjanen, 2012). 
In the OI literature, Alexy et al. (2016) argued that OI is a set of practices that firms use to enact 
open innovation projects and that viewing OI as a set of practices is not only novel, but also 
consistent with Chesbrough’s definitions of OI. Mele and Russo-Spena (2017) described 
innovating as a ‘texture of practices’, which they explained as “a set of practices resting on other 
practices”. Practice-based authors conceive of innovation as a collection of practices (Russo-
Spena & Mele, 2012) comprising a set of ongoing co-creation practices, that through their 
enactment, merge knowledge, tools, languages and artefacts. Some authors argue that innovation 
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processes are comprised of a complex set of collaborative paths and therefore that effective 
collaboration between agents – that is, in overcoming their mutual boundaries – is critically 
important to innovation processes (Mele, Colurcio & Russo-Spena, 2014).  Russo-Spena and 
Mele (2012) theorised innovation as a process of co-creation involving agents from multiple 
domains. They identified five co-creative processes, conceptualising each as the different stages 
of the innovation process: co-ideation, co-valuation, co-design, co-test and co-launch. Each of 
these co-creative processes comprises practices and the elements of practices (actors, actions, 
tools and images). Authors have shown that pre-existing communities of practice support Open 
Innovation performance (Goglio-Primard & Crespin-Mazet, 2015).  These scholars have 
conceptualised Open Innovation as a social and contextual process, involving knowledge 
creation by multiple agents both inside and outside of the innovating firm (Mele & Russo-Spena, 
2017).  
Other authors taking this practice-based stance have argued that the practices involved in 
innovation activities are important because they integrate the resources that actors bring to the 
activities and as a result, value is created. (Giannopoulou et al., 2013; Korkman et al., 2010). 
Therefore, a practice-based approach provides a way to understand value creation (the creation 
of new things, including new knowledge) in processual terms (Korkman et al., 2010). 
While this literature explores the conditions under which innovation can develop and be 
successful (Russo-Spena, Mele & Nuutinen, 2017), key mechanistic aspects of innovation are yet 
to be explored. This literature has not yet theorised innovation micro processes or how to better 
manage those processes. These authors have not yet identified how agents overcome their 
boundaries arising from differences in practice to accomplish co-creation. While acknowledging 
that practices play a central role in innovation, this literature has not yet identified the roles that 
different types of practices play in OI processes. In addition, these authors have not yet explicitly 
unpacked the implications of taking a practice-based view of knowledge in theorising innovation 
processes, such as the roles that the different aspects of knowledge (practices, objects, individual 
knowing) play in an innovation process. Innovation scholars suggest that empirical studies taking 
a longitudinal perspective, involving the components of an innovation process (actors, artefacts, 
organisations) are needed to begin filling these gaps (Garud et al., 2013). This study contributes 
to the practice-based view of innovation by addressing some of these shortcomings. 
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2.6 Chapter Summary 
Open innovation (OI) is acknowledged as an important process for creating social and economic 
benefits for society. While OI has been extensively studied and theorised, some limitations to it 
still exist. For practitioners, these theoretical limitations mean that conducting successful OI 
projects is fraught with risk, conflict and expense, with disappointing success rates. Previous OI 
studies have mainly been at the level of the organisation and have not examined the micro-
foundations of innovation. There is limited understanding of how knowledge flows across the 
boundaries between OI partners, how the partners create new knowledge and how the created 
knowledge accumulates over time to manifest as the ‘innovation’, the product of the innovation 
process. Consideration of these limitations led to the research questions: 
What role do boundaries play in knowledge flow and knowledge creation in an OI project? 
and 
How do these elements enable an OI project to progress over time? 
OI studies to date have mainly assumed a cognitive view of knowledge but there is another view 
of knowledge, the practice-based view, which allows for an expanded view of the nature of 
knowledge that has great potential for further explicating these difficult aspects of OI processes. 
From the practice-based view, practice generates knowing, as individuals interact with each other 
and non-human objects (Feldman & Orlikowski, 2011; Sandberg & Tsoukas, 2011). This new 
knowledge is dispersed between people, objects and practices (Nicolini, 2011; Orlikowski, 
2010). This view of knowledge allows us to theorise about the knowledge embedded in practice 
and objects as well as that held with individuals and to better understand how people can 
understand each other without the need for deep dialogical engagement by using boundary 
objects and sharing practice. Finally, the practice-based view explicates the difficulties 
encountered with knowledge flows in inbound and outbound innovation processes as relating to 
the inherently situated nature of knowledge. This means that knowledge must be transformed for 
use in a context other than the context in which it was created.  
Using a practice-based view of knowledge as the theoretical lens to explore OI processes 
requires careful choice of empirical context and of methods to be used in collecting and 
analysing data. These considerations are set out in detail in the next chapter. 
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Chapter 3: Methods 
 
3.1 Introduction 
This chapter sets out the research approach taken in this study and the methods used to collect 
and analyse the data. I also present my perspective and motivation as a researcher and the role of 
these factors in collecting and analysing the data.  
In line with the practice-based view of knowledge (Gheradi, 2006) used as the theoretical lens in 
this study, I used qualitative research approach.  I collected data from two embedded cases of 
knowledge creation in Open Innovation (OI) projects using ethnographic methods, including 
semi-structured interviews, informal conversations, observation and examination of relevant 
documents. Both cases were quite complex and involved novel technology and agents from 
multiple occupations and organisations.  In collecting and analysing the data, I kept in mind 
Dougherty’s comments (2002: 849): 
“the goal of qualitative research is not to describe complex phenomena, but rather to identify a 
few central themes that explain why and how a particular phenomenon operates as it does in a 
particular context”  
I have therefore attempted to identify the significant themes that emerged from the two cases to 
explicate the OI processes observed.  
The chapter is set out as follows: I begin by describing the research approach, which is followed 
by the reasons for selecting the two cases.  I then describe each case in sufficient detail to allow 
the reader to make sense of the study findings in following chapters. Next I report how I gained 
access to the cases and I describe my conduct in the field, including extent of access, ethics, my 
observation practice, field notes and how the study progressed. I follow this with information 
about my data sources (interview, observation, documents) and the methods used to analyse the 
data.  This information includes my approach to analysis, how I coded the data, how I identified 
the main themes and definitions of each of the theoretical concepts I used. Finally, I set out 
considerations of the quality of the study and provide a summary of the chapter. 
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3.2 Research Approach  
This study used a qualitative approach (Moore, 2006). This is in line with the exploratory nature 
of the research (Bono & McNamara, 2011; Edmondson & McManus, 2007) and also with the 
objective of developing a richer understanding of OI processes. A qualitative approach can be used 
to develop or refine explanatory frameworks and so was appropriate for this study which aimed to 
build, rather than test theory (Bansal & Corley, 2012; Langley, 1999).  
A case study approach was used because it is particularly suited to exploratory studies that seek to 
answer questions relating to the how and why of a situation and where the focus is on contemporary 
events in their real-life context (Yin, 2009). Particular strengths of the case study approach are that 
it can deal with a number of different types of evidence, including documents, artifacts, 
observation and interviews (Yin, 2009), and that it enables a focus on the dynamics of a situation 
(Eisenhardt, 1989). The opportunity arose to examine two related OI projects within the same 
medical research institute. As suggested by Eisenhardt (1989), it is useful to choose polar types of 
cases so that the activities of interest are more likely to be observable. These projects shared the 
overarching context of technology development within the Medical Research Institute yet differed 
in the epistemic origins of their agents and thus presented the opportunity to examine the effect 
this difference had on the knowledge boundaries arising in each project and therefore also its effect 
on the overall OI process. This arrangement constituted an embedded case design, a variation of 
the single case design (Yin, 2013) in which the units of analysis share an embedding context. This 
design is appropriate as the cases examined were unusual instances due to the nature of the work 
and the level of access granted, and they were used to collect longitudinal data (Yin, 2013).  
 
Ethnographic methods were used to collect data as this approach has been argued as essential for 
exploring practices and their arrangements (Schatzki, 2012). In line with the practice-based view 
of knowledge used as the theoretical lens, the data gathered were treated using an interpretivist 
approach (Walliman, 2006) whereby the research outcomes were viewed as an individual 
interpretation of the data collected, using a systematic approach while taking precautions against 
using any pre-conceived ideas or explanations (Bansal &  Corley, 2012). 
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3.3 Case Selection 
The objective of this study was to examine the role of boundaries in knowledge flow, knowledge 
creation and progress in OI projects.  The literature review suggested that the possibility of 
observing the sharing of practice and the creation of new practices would be enhanced by 
increasing complexity and novelty. I therefore tried to identify cases preferably of a temporary, 
rather than an ongoing nature, dealing with novel, complex knowledge and involving agents with 
a mix of expertise from different knowledge domains and different organisations.  For practical 
reasons, the cases needed to be accessible to me for prolonged engagement, and the cases’ hosts 
needed to be amenable to prolonged, close engagement. 
In order to identify suitable cases, through my professional network I explored OI projects 
meeting the criteria described above, and I attended seminars hosted by professional networks 
and government sponsored bodies discussing these types of projects in technical contexts. In this 
way, I became aware of the work reported in this study.  From discussion with the Chief 
Investigator of these two OI projects, I judged his work to meet the above criteria. He allowed 
me to examine two of his projects, which provided the opportunity to determine if the different 
project contexts affected the knowledge creation processes in each project.  
The cases selected were both set up as OI projects to develop scientific discoveries into new 
clinical practices. In addition, each case involved agents from multiple knowledge domains and 
multiple organisations. Each was a project (temporary grouping of agents) and each of the 
innovations (the final products of the OI processes being worked towards) involved complex 
technology, some components of which the teams themselves were developing. Both projects 
were conducted within the same Medical Research Institute and concerned the development of 
new diagnostic techniques for two significantly different health issues: early prediction of cancer 
and detection of a mental health condition (MHC). The cancer diagnosis project had developed 
over more than two decades as multiple projects of one to three years duration and was 
continuing to develop towards its goal in its current project incarnation, and so was in a mature 
phase of development. In contrast, the MHC project had just begun when this study started and 
so was in its early phase. The cancer project had developed a ‘platform technology’ which the 
team planned to use as the basis for developing the MHC diagnostic technology. Thus, I named 
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the cases the ‘Platform Technology’ case (early prediction of cancer) and the Application case 
(diagnosis of the MHC).  
The characteristics of these cases were such that while they were similar in some respects, they 
also contrasted in theoretically interesting ways. For example, while both projects had the same 
Chief Investigator (project leader), took place within the Medical Research Institute, involved the 
same commercial partner and had several agents in common, they differed in the innovation 
product to be created, the extent of project maturity, the nature of the health issue involved, the 
epistemic nature of the agents, the motivation for the work and the potential disruptiveness of the 
innovation, as set out in Table 3.1.  To date, few studies have examined knowledge processes in  
multi-disciplinary OI project teams at different stages of development (Hansen & Birkinshaw, 
2007). The cases fitted the selection criteria of multiple disciplines as they were comprised of 
specialists originating from diverse knowledge domains. The knowledge work involved agents 
engaging with novel circumstances of great technical and social complexity and so could provide 
the data necessary to explore knowledge creation in complex settings. Importantly, the cases 
provided me the opportunity to collect parallel longitudinal data from them for comparison. 
From a practical perspective, agents involved in the cases were physically accessible to me for 
observation and interviews and I was able to spend significant time with them. 
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Table 3.1: Comparison of the Platform Technology and Application cases and the potential opportunities for developing theoretical contributions 
Same ✔  or 
different  ✖ 
aspects of cases 
Platform Technology Application 
Aspect of interest for developing 
theoretical contributions 
NATURE OF THE KNOWLEDGE WORK 
The problem 
each case 
was 
addressing 
✖ 
Developing a pre-cancerous detection 
method for people with a genetic tendency 
to develop a cancer, to avoid unnecessary 
surgery and provide reassurance. 
Applying the platform technology developed to diagnose 
the  mental health condition (MHC) for which there was 
no objective, physical measure. 
Different stages of development and 
different purposes but use of the same 
technology allows comparison between 
the OI processes. 
Motivation 
for the work 
✖ Requested by surgeons. Opportunity identified by researchers. 
The practitioners who will ultimately 
use the innovation are involved in the 
first case, but not in the second.  This 
surfaces some interesting issues with 
eventual roll-out and acceptance and 
may influence the OI processes.   
What 
knowledge 
needed to be 
developed? 
✖ 
The platform technology could already 
diagnose pre-cancerous changes in human 
biopsies in the laboratory and the team had 
advanced to clinical trials of the 
technology.  This necessitated the use of 
clinical scanning devices and the 
development of new MRS scanning 
protocols, new MRS data cleaning and 
post-processing procedures, development 
of an artificial intelligence (AI) capability 
to enable clinician-assisted diagnosis and 
upgrades and modifications to the existing 
scanning device and its operating software. 
The team had to demonstrate that the platform technology 
was capable of detecting changes in brain chemistry that 
could be correlated with psychological assessments of the 
MHC, using a clinical scanning device with the clinical 
fitting used to scan the brain.  Work involving the human 
brain precluded laboratory tests, so the work began with 
the clinical phase.  The software and hardware used in the 
platform technology case had to be modified and a new 
pattern recognition technique developed to identify the 
relevant spectral changes and demonstrate that they were 
statistically significant. 
The Application case involved the 
development of similar practices but for 
a different body part, while allowing 
observation of OI knowledge  processes 
in the new context. 
Potential 
disruption of 
the 
innovation 
✖ 
To an observer,  current diagnostic practice 
and  the new diagnostic practice would 
look very similar: the same agents would 
be involved   with similar equipment, but  
each would have quite different 
capabilities.  The new diagnostic practice 
would be quite familiar to the agents 
involved as the capability improvements 
were in 'invisible' components of the nexus 
The new practice for diagnosing the MHC would look 
very different to an observer and would involve different 
agents.  The diagnosing psychologist would be partially 
replaced by the patient undergoing an MRS scan, which 
would appear to an observer to be conducted like a well-
known 'MRI scan'.   
 
The new practice for diagnosing the MHC could have 
implications for its treatment.  Psychologists are involved 
Comparison of data collected from the 
cases offers the opportunity to examine 
the effect of the two extremes of 
disruptiveness of an innovation on the 
OI processes for their development. 
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of practices, in the algorithms and  
different data collection and processing 
techniques hidden away at the 'back end' of 
the objects to be used in the new 
diagnostic practice.   
in 'talking' diagnosis and treatment.  Once established as a 
physical phenomenon (as this case did in fact establish), 
psychiatrists, who treat physical problems with the brain 
(e.g. chemical imbalances), may step in to begin treating 
the MHC in place of the 'talking' treatment currently 
provided by psychologists.   
 
The new diagnostic practice for the MHC may also impact 
societal attitudes to the MHC.  While the condition is 
currently understood as 'in someone's mind', many people 
in the general population ascribe it to personal weakness 
for which the sufferer often experiences shame and stigma.  
However, when understood as a physical 'injury', it is less 
likely to be ascribed to weakness of character and more 
likely to be perceived like other physical conditions (e.g. 
broken arm or leg) which are not due to personal weakness 
and can be treated. 
Stage of 
development 
of the 
innovation 
✖ 
Late stage- development began over 25 
years ago, proceeding in episodes, as 
funding was available, and technology 
became capable. 
Early stage of application of the platform technology to a 
different health issue. 
The cases offer the opportunity to 
collect data at different stages of the OI 
processes. 
 
AGENTS 
Agents and 
their 
epistemic 
memberships 
✖ 
Scientists: physicists, biochemists, data 
scientists,  
Clinicians: radiographers, radiologists, 
surgeons 
Commercials: technical manager, research 
engineers 
PhD students: ex-radiographers 
Scientists: physicists, biochemists, data scientists,  
Clinicians: radiographers, surgeons, psychologist, nurse 
administrator 
Commercials: technical manager, research engineers 
PhD students: ex-radiographers 
Here, the senior agents are common to 
both cases, allowing us to identify the 
effect of introducing different types of 
clinicians in the second case 
 
Project lead ✔ Scientist Scientist (the same individual) 
Having the same project leader keeps 
the leadership aspect of the cases 
constant 
Expertise 
with the 
health issue 
of focus 
✖ 
Long term involvement, direct disciplinary 
expertise 
No previous involvement, no direct disciplinary expertise 
held by the platform technology team.  This project team 
involved psychologists and general clinicians. 
Allows us to observe the impact of 
extent of discipline knowledge while 
keeping broad epistemic boundary 
crossing experience relatively constant 
(all the senior people with extensive 
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cross-discipline collaboration 
experience are involved in both cases) 
Commercial 
partner 
✔ MRI device manufacturer MRI device manufacturer (same company) 
Same company keeps this factor 
constant 
Commercial 
partner 
position 
✖ Core business Potential extension of current business 
While the company is the same, its 
interest in each case is different 
OBJECTS 
Key objects ✖ 
MRI device, attachment for scanning body 
part, MRS scanning protocols, MRS 
spectral data, conceptualisation of cancer 
as a physical problem, conventional cancer 
test results (ultrasound, biopsy, contrast 
enhanced MRI images), data cleaning and 
post-processing algorithms, visual 
representations of data, AI algorithm for 
clinician assisted diagnosis 
Psychological assessment, conceptualisation of the MHC 
as a psychological problem, conceptualisation of the MHC 
as a physical problem, MRI device, attachment for 
scanning brain, MRS scanning protocols, MRS spectral 
data, data cleaning and post-processing algorithms, visual 
representations of data, AI algorithm for clinician-assisted 
diagnosis 
The hardware objects in each case were 
quite similar, allowing comparison of  
the OI processes. 
Focal object 
in each case 
✖ 
Physical phenomenon: chemical changes 
in human cells signaling imminent 
development of cancer 
Physical phenomenon: chemical changes in human cells 
indicating the presence of the MHC;  
 
Mental phenomenon causing the MHC. 
This comparison allowed us to observe 
how different conceptualisations of the 
focal object impact the OI processes. 
CONTEXT 
Funding ✖ Core business 
Unsuccessful with conventional sources (ARC, NHMRC) 
so funding was received from organisations with interest 
for their constituents 
This comparison is useful because it 
allows us to contrast OI process in the 
traditional context (hands off 
management by funder) with active 
involvement of the funding body. 
Locations ✖ 
Capital cities and regional cities in 
Australia, United States, Europe 
Capital city in Australia 
Allows us to examine the influence of 
multiple sites of work on OI processes 
Staffing 
allocations 
✔ 
Multiple small time fractions and unfunded 
time fractions 
Multiple small time fractions and unfunded time fractions 
Keeps this factor constant (widespread 
in OI processes involving academia in 
Australia) 
THEORETICAL PERSPECTIVE 
What was it a 
case of? 
✔ 
OI processes involving three epistemic 
communities (scientists, clinicians, 
commercials) 
OI processes involving three epistemic communities 
(scientists, clinicians, commercials) 
Both are cases  of OI processes 
involving multiple epistemic 
communities, allowing us to theorise 
consistently using data from both cases. 
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3.4 Case Description 
3.4.1 Embedding Context 
The Medical Research Institute (the Institute) was established to facilitate the progression of 
research discoveries into practice through multidisciplinary and multi-organisational OI 
processes, and so provided an ideal context to address the research question. The Institute 
was made up of four partner organisations: two universities (University A and University B), 
a large metropolitan hospital (Hospital A) and the research arm of another Metropolitan 
hospital. Twenty-five translational projects were in progress at the Institute.  
There are some complicated relationships between the organisations involved, reflecting the 
way research activities in Australia are funded. These cases involved Universities A and B, 
and Hospital A, and a magnetic resonance device manufacturer (the commercial partner).  
The clinical trials for the Application case were conducted under the jurisdiction of Hospital 
A’s Clinical Trials Unit (the CTU), which had been recently established to facilitate multi-
partner trials. The cases were linked collegially to other universities through the Chief 
Investigator maintaining his relationships with colleagues from his previous appointments in 
Australia and the United States. He continued to work with those colleagues to collect further 
data for this work. Finally, the Institute and the device manufacturer formed an alliance 
during this study to signal their mutual ongoing commitment and to provide a foundation for 
future joint funding applications.  
Working across organisational jurisdictions generated extensive ethics compliance 
requirements and the team employed a research manager solely for this purpose. The work of 
the projects was therefore distributed over several sites: offices and laboratories at the 
Institute; consulting rooms, wards and offices at the CTU and the scanning room and 
consulting rooms at the Imaging Facility. Staff were located in a workspace at the Institute, a 
workspace at the CTU and spent blocks of time at the Imaging Facility during participant 
scanning. 
In the case descriptions below, I describe the knowledge that agents endeavoured to create in 
order to accomplish the objective of each case, the new diagnostic practices, the 
‘innovations’. Here, I use the word ‘objective’ to reflect agents’ ‘projected state of affairs’ as 
in Schutz’s definition of working (1962: 212) as “constructed by action in the external world, 
based upon a project and characterised by the intention of bringing about a projected state of 
affairs by bodily movements”. Their ‘projected state of affairs’ was tentative because the 
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work was novel and while they had a general idea of how to approach it, they did not know if 
this approach would be successful and expected that they would have to respond to novel 
situations as they conducted their work. Their tentative objectives were developed based on 
their ‘knowing’ at the time of development. For example, the agents’ objective when 
beginning the Applied case was the detection of the MHC using the technology they had 
developed in the Platform Technology work. However, as their knowing developed, they saw 
that it might be possible to detect the extent of the MHC as well as its presence, so their 
objective became more ambitious. These objectives, the innovations, comprised not just 
devices, services or processes as is usually understood by the product of an OI process, but 
constituted a complex suite of objects, practices and knowings, which, when enacted 
together, would enable the delivery of the intended diagnostic capabilities in clinical practice.  
3.4.2 The Platform Technology Case 
The case deals with the ongoing development of a breakthrough non-invasive method for 
detecting changes in human cell chemistry that indicate the imminent formation of a 
particular type of cancer. Prior to this study, the team had already developed a powerful 
technology (the Platform Technology) that they aspired to apply to other health issues. The 
Application case was the first of these.  
Current clinical techniques can only detect the type of cancer cells of concern in this case 
after a lesion has formed, by which time the risk of the cancer spreading elsewhere is high. 
People at high genetic risk of this cancer can decide to undergo the surgical removal of this 
body part as a preventative measure, rather than endure the persistent worry about developing 
the cancer. While this action removes the risk of developing this cancer, statistically, many of 
these interventions are clinically unnecessary and therefore the inability of current diagnostic 
techniques to detect this cancer causes unnecessary personal suffering and expense to the 
public health system. The method, which uses magnetic resonance spectroscopy (MRS) to 
detect changes in cell chemistry, will enable non-invasive in-vivo testing to diagnose pre-
cancerous changes before any cancer is evident and is expected to provide patients and their 
surgeons with the diagnostic information necessary for more accurate treatment decisions. 
The method will also be able to monitor any spreading of existing cancerous lesions. The 
completion date for this new diagnostic practice was estimated at 2020. The team expected 
that by that time the evaluation of MRS data from the patient would be available at the push 
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of a button on the scanning device, enabling radiographers and radiologists to readily enact 
the new practice.   
The ‘innovation’ in this case was therefore the clinician-assisted diagnosis of pre-cancerous 
changes in human tissue. Figure 3.1 sets out the differences between current diagnostic 
practice and the envisaged clinical practice. Note that in the new clinical practice, the patient 
would be subjected to only one test, a non-invasive test using MRS, which would provide the 
surgeon with a quantitative probability of pre-cancerous cellular changes having occurred. 
This new capability would provide important additional decision support for the surgeon’s 
practice of diagnosis, not currently available, rather than replace the surgeon’s practice of 
diagnosis2. 
 
  
Figure 3.1: Schematic diagram comparing the sub-practices involved in the current practice and the new practice 
of diagnosis, the ‘innovation’. 
 
 
The new knowledge to be created included that about refining the technology that enabled 
MRS scanning; developing an artificial intelligence (AI) algorithm to analyse and detect 
patterns within the data in a practical clinical timeframe; and the creation of new hardware 
 
2 As explained in one of the team’s scientific publications.  Reference is available but is not cited to preserve 
confidentiality. 
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and software to accomplish this. The team was already performing MRS scans of participants 
when this study began, so the data collected in this study related to the ongoing refinement of 
the MRS scanning practice and objects, the creation of a training database that could be used 
to develop the AI algorithm and the inscription the manual diagnostic practices being enacted 
into new software and hardware, which clinicians would be able to use in the new practice of 
diagnosis, the ‘innovation’. 
The team leader initiated and developed the research and the technology underpinning the 
envisaged diagnostic capability and had recruited other members as the work progressed and 
required additional expertise. The team leader guided the development of the underlying 
science from a theoretical membrane model, to a cell model, and then to an experimental 
practice involving human biopsies3 over more than two decades, illustrating the long time 
frame typical of biomedical innovations dependent on complex technology.  
Agents involved in this case originated from multiple disciplinary backgrounds and 
organisations and comprised imaging experts, biological scientists, data scientists, and a 
surgeon. The team was led by a university professor, who also had a senior management role 
within the Institute. The imaging expert was also a university professor and was Imaging 
Director of the Institute. The Institute’s Clinical Director was involved (as she was part of the 
team that developed the foundational cancer detection capability) together with a scientist on 
secondment from the commercial partner and a PhD student, who was an experienced 
radiographer. The team met weekly (subject to work-related interstate and international travel 
demands) to discuss project progress and to interpret their findings. Most team members were 
engaged in other projects in addition to this case. Some individuals had multiple 
organisational affiliations, including private and public clinical practice and academic roles, 
and even those who were solely employed by the Institute spent time on other projects. All 
team members therefore experienced task and organisational prioritisation challenges. The 
work of this case was funded by traditional scientific and health competitive grant systems 
through the universities of the academic staff involved. Consequently, a significant 
proportion of these agents’ time was occupied by writing funding applications to these 
organisations.  
 
3 This information was obtained from the team’s scientific publications, but to maintain participant 
confidentiality these references are not provided here. 
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Agents expected that they would need to develop new knowledge to enable MRS scanning 
for the MHC, an AI algorithm to analyse the scan data and detect patterns within it in a 
clinically practical timeframe and to create the new hardware and software required. 
3.4.3 The Application Case 
The team planned to apply its experience with the Platform Technology to another important 
health issue. The project leader had been involved in early work exploring MRS of the human 
brain and through his ongoing work exploring physical brain damage, identified the potential 
of the MRS technique to diagnose the presence of another mental health condition (MHC) 
through the detection of specific neurochemical changes. Whereas the Platform Technology 
identified changes in the cell chemistry of a person indicative of pre-cancerous changes, the 
MRS technology for detecting the mental health condition (MHC) relied on identifying 
deviations from ‘normal’ brain chemistry that could be correlated with clinically diagnosed 
MHC. To preserve anonymity, I do not provide further details about the nature of this MHC. 
This case involved the first technology to date4 capable of providing an objective means of 
diagnosis of the MHC, potentially enabling individuals who may have the MHC to seek 
treatment earlier. The ‘innovation’, the desired outcome of this OI process, was therefore the 
practices and objects required to successfully diagnose the MHC in vivo using the MRS 
technique as had been demonstrated in the Platform Technology case. Conduct of the 
Application case overlapped with the later stages of the Platform Technology project as 
shown in Figure 3.2. Note that the data for this study were collected while both OI processes 
were in progress. This overlap led to simultaneous data collection for the two cases. I 
describe how I sorted the data between the cases later in this chapter.  
 
 
4 The outcomes of the OI process described in this case have appeared in Nature. 
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Figure 3.2: Schematic showing the time frame for the development of the Platform Technology project, its 
overlap with the Application case and the data collection period. 
 
The traditional diagnostic practice for the MHC involves a psychologist engaging in lengthy 
and personal conversation with a patient (Figure 3.3). Due to the complexity of the condition, 
these interviews require a psychologist with significant experience in dealing with the 
condition, and diagnosis can take several hours spread over several sessions. In contrast, 
detection of the MHC using MRS would require only a scan of the patient’s brain in what 
would appear to be a conventional magnetic resonance imaging (MRI) device, administered 
by a radiographer with standard training. The complex ‘diagnosis’ from the MRS data would 
be accomplished through the use of an AI algorithm, which the team would develop, then 
inscribe into a scanning device to provide ‘clinician-assisted diagnosis’, as with the Platform 
Technology.  
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Figure 3.3: Comparison of traditional MHC diagnostic practice with the envisaged new MRS-based practice, the 
‘innovation’. 
 
The envisaged MRS diagnostic practice for the MHC (the Application case) is compared with 
the envisaged practice for the Platform Technology case in Figure 3.4. This figure compares 
how agents would ultimately enact each envisaged diagnostic practice. Although the 
schematic representations of each clinical practice look superficially similar (similar 
equipment, use of algorithm in each, clinician examining data and then discussing with the 
patient) note that the Application case involves the introduction of a physical device to detect 
the MHC, whereas no physical device is involved in current diagnostic practice.   As will be 
discussed later, the ability to diagnose, or ‘see’, the MHC using a physical measurement 
technique contributed to differences in understandings in the Application case team.   
 
 73 
 
 
Figure 3.4: Comparison of envisaged clinician-assisted diagnosis of MHC with platform technology practice 
 
The team intended to follow the knowledge creation process they had used to develop the 
Platform Technology and to make use of that technology to ‘template’ the development of the 
clinical practice of MHC diagnosis, thereby accelerating the development process. The 
beginning of this study coincided with the beginning of the Application case, so I was able to 
collect data from the beginning of the development of this new knowledge.  
Agents involved in this case were those involved in the Platform Technology case, with the 
addition of a psychologist, a nurse manager and a research nurse. Based on the knowledge 
developed in the Platform Technology, the project leader recruited another experienced 
radiographer as PhD student to the project, not only to bring the necessary expertise, but also 
to act as a future boundary-spanner to other radiographers to facilitate their participation in 
the new diagnostic practice as the knowledge creation process progressed. The team also 
sought and obtained funding from organisations whose members were affected by the MHC. 
These organisations were also a source of patients and participants for the clinical trials. 
The team did not (at the time of this investigation) have its own MRI device, so had to 
purchase time on a device housed at a nearby Collaborative Imaging Facility (the Imaging 
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Facility). The Imaging Facility, itself a partnership between Universities A and B, and the 
regional governing body of metropolitan hospitals, had an existing relationship with the 
device manufacturer involved in this case. The geographical spread of sites consisted of the 
Institute, the CTU and the Imaging Facility.  
 
3.5 Gaining access and conduct in the field 
3.5.1 Gaining access 
Findings from a pilot case study5 were used to create a one-page project proposal, which was 
presented in person to the leaders of three multi-disciplinary, multi-organisational OI project 
settings. After seeking and examining information available about each potential setting, 
relevance to the research question was assessed and the cases in the Institute were selected 
and access was approved by the Institute’s gatekeeper. A crucial factor in gaining access, as 
told to me by the project leader, was my previous technical training (PhD in Physical 
Chemistry) and experience (as a multi-discipline research project leader). The scientists and 
clinicians in the cases were very receptive to the aims of the study and curious to find out 
about the qualitative methods and theories that I used. The project leader said  
‘It’s absolutely essential that you understand the chemistry behind this project, otherwise you 
won’t know what’s going on’. 
The first document that the project leader asked me to read and understand was his seminal 
research paper describing the technology. I was asked if I had read and understood the paper 
the very next time that we met. I had, and so our conversation continued. 
3.5.2 Extent of access 
Upon beginning the field work, I was provided with an ID badge and an access card that 
allowed me to enter the same areas of the centre as team members. I was invited to all 
meetings that were held, with some exceptions (top management meetings and those not 
pertaining to this study). The project leader invited me to talk with other senior researchers at 
the Institute also involved in OI projects involving experts from multiple knowledge domains 
 
5 The pilot study was a four-month long retrospective qualitative study of a successful mining industry OI 
project, undertaken to test the proposed theoretical approach. It has been reported elsewhere (Lay, Spee & 
Verreynne, 2016). 
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and organisations.6 I was provided with a desk in the team’s shared work area and given 
access to the Institute’s intranet. I was invited to all technical events involving the team 
(seminars, workshops, visiting expert presentations, and conferences) as well as the social 
functions of the team. I was permitted to peruse all the project documentation and my name 
was added to the ethics approvals to allow me to do so. Finally, I was listed as a PhD student 
in the Institute’s intranet directory and my photo appeared on the photographic display of 
Institute personnel, in the Institute’s reception area. 
3.5.3. Ethics 
Case study research involves contemporary events and the people involved need to be 
safeguarded against any potential adverse effects of their involvement (Yin, 2009). The 
research was undertaken in accordance with the University’s guidelines for Research 
Integrity (http://www.uq.edu.au/research/integrity-compliance/human-policies-legislation) 
and the Australian Code for the responsible conduct of research 
(http://www.nhmrc.gov.au/guidelines/publications/r39). I applied to the University of 
Queensland Business School’s Ethics Committee for ethics approval for this study and this 
was granted before field work began. In addition to ensuring the welfare of the human 
subjects, provisions were also made to ensure that any confidentiality agreements in place 
with the cases’ private industry sponsors were respected. I worked with the Business School’s 
Research Partnerships Coordinator to establish a Confidentiality Agreement between the 
University and the Research Institute. The Institute required me to personally sign a non-
disclosure agreement for free access to project information.  
Participants were provided with printed information about the research project and their part 
in it and were asked to sign a consent form indicating their willingness to participate and 
stating that I would keep the information they provided confidential and secure. Participants 
also had the option to withdraw from the research at any time, without prejudice7. Ethical 
considerations included complete confidentiality, security of the data collected, and ensuring 
the non-identifiability of any individuals. To maintain data security, I stored the data at home 
and at the University in password protected computers. Participants impressed upon me the 
importance of anonymity to them.  As senior academics, clinicians and businesspeople, their 
 
6 Scoping data was collected on two other cases at the institute but these were not developed to completion as 
the two cases selected indicated most theoretical potential. 
7 One participant, experiencing inter-disciplinary conflict, did withdraw from the study. I have not included data 
collected from this individual in the study. 
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reputations could have been at stake. In my first interview with one of the senior staff, he 
asked me: 
‘How can it [the study] possibly be anonymous?’ 
Consequently, I went to great lengths to explain my approach and gave my personal 
commitment. To help them understand, I showed participants parts of my field notes and 
meeting notes so that they could see the types of issues that were of interest to me. Agents 
were quite relieved that I was not focusing on the confidential details of the technology and 
were interested in the qualitative methods being used. In this thesis, I have preserved 
anonymity by changing names and gender, where not to do so could risk breaking 
confidentiality (this technological field involves a small number of well-known researchers, 
clinicians and manufacturers). As an added measure to preserve anonymity, I have not 
provided specific details about the type of cancer, the type of mental health condition (MHC) 
or details of the spectroscopic analysis technique used. 
3.5.4 Conduct in the field 
Over the first two months I kept normal business hours and established that the time of day 
during which most agents were present (if not travelling) was between 10 am and 4 pm, with 
the exception of specific meetings, the scheduling of which ranged between 7 am and 8 pm. I 
ensured that I was on site each day at least between 10 am and 4 pm, in addition to those 
observation opportunities scheduled outside these hours.  I used the hours either side of this 
on-site presence to journal and to examine data (off-site). I dressed so as to blend in with the 
staff at the Institute, as appropriate for my age and gender. My efforts were successful, as 
several times during observations in the laboratory with participants, staff and participants 
assumed that I was a doctor, so I made sure to point out my role as a researcher. I sat at my 
desk, listened, interacted, spent time in the café area watching and listening to gain a sense of 
the Institute and its personnel, observed work going on in the shared space, observed agents 
in their laboratories and engaged with them in informal impromptu discussions. The project 
leader asked me to give updates on progress with my research intermittently. I kept these 
reports very general, but I provided sufficient information about the nature of the research, 
rather than the specific details, to address his need to know about my work. Agents expressed 
interest in my research methods and research question and my approach to studying them. I 
established excellent rapport over the first 1-2 months with all the agents, even the person 
who, in answer to another agent asking who I was, replied: 
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‘She just sits there and writes down what we’re doing wrong!’  
3.5.5 Observation practices 
At meetings, the project leader always introduced me if any new people were attending. He 
repeatedly invited me to sit at the meeting table but I declined, to maintain my non-
intrusiveness, and chose to sit on a chair near the back of the meeting room from where I 
could see all agents’ facial expressions and body language and I could hear their speech 
clearly. I attended seminars and technical events with my notebook and sat with other staff 
and asked questions where relevant to this study. (Several of the seminars discussed aspects 
of innovation relevant to this study.) At other events (e.g. the team updating surgeons and 
radiographers on project progress) I sat at the back in a purely observational role and did not 
engage with participants. The data I collected in these instances was pooled with the other 
data collected in the field notes for analysis. 
3.5.6 Field Notes  
Where possible, I taped conversations, interviews and meetings. Where I was not permitted to 
do so, I made extensive written notes as described above, and spent time immediately after 
the observation or interview to capture the data. However, I also always took extensive field 
notes including seating arrangements at meetings, diagrams of how people were sitting to 
indicate their attitude at the meeting, who was involved in each sub-conversation when the 
group conversation fragmented into multiple smaller group conversations, and I drew 
diagrams of people working together at whiteboards and computer screens in instances where 
taking a photograph would have been overly intrusive.  
As well as taking field notes on interactions between agents and their processes and practices, 
I also took notes on the technical details involved (e.g. methods, devices, concepts). These 
notes were critical in identifying each case’s collaborative knowledge creation objective and 
being able to track the maturation of the practices and objects over time. These notes included 
diagrams I constructed and verified with agents. I also constructed Excel spreadsheets of the 
technical data collected to help me follow the technological developments over time. I 
included these in the memos I wrote to myself to capture my thinking about the cases during 
the study. 
While at the Institute engaged in intensive observation, it was very difficult for me to 
disengage sufficiently to analyse the data. I found it necessary to undertake my reflective 
 78 
 
work at home in the evenings, where I could distance myself sufficiently from the study 
environment. Each evening I wrote my electronic reflective journal and examined documents 
and field notes from the day. I reviewed my notes and reflections weekly to harvest ideas and 
insights that I used in the coming week to follow up, through interview, informal 
conversation, document sourcing, or one-to-one meetings with agents.  
3.5.7 How the study progressed 
I was in the field for seventeen months, attending the Institute every day except for those 
days involving university activities (e.g. supervisor meetings, seminars, visiting academics). I 
took three intervals of two weeks out of the field to reflect on and analyse data and two other 
breaks from the field (1 week and 3 weeks) to attend conferences. I left the field when no 
new codes emerged to modify the themes I had developed. 
 
3.6 Data Sources 
Sources of data for the study were collected from semi-structured interviews, observation and 
examination of case documentation.  
3.6.1 Interviews 
The interview protocol for the semi-structured interviews was developed and refined during 
the first 1-2 months of the study, with reference to the literature and the specific contextual 
details of the setting. Each interview lasted between 45 and 90 minutes. Where allowed, 
interviews were taped. However, frequently agents felt more comfortable without being 
recorded and I compensated by taking extensive notes during and immediately after the 
interview. I made these post-interview notes in a conference room rather than at my desk in 
the shared office space to maintain confidentiality. Later in the study, the interviews became 
more focused on specific issues that I needed to clarify with particular agents, arising from 
the analysis. I interviewed the main agents multiple times over the study. Each taped 
interview was transcribed. I typed up my notes on observations and my notes made at 
interview so that I could upload these to Nvivo for coding. I also constructed diagrams during 
interviews and informal discussions to clarify my understanding with agents. In turn, they 
modified my diagrams by clarifying and adding additional detail, or drew their own, to 
explain particular aspects of their technical work (e.g. data processing, biopsy handling, and 
spectral assignments). The number of interviews and pages of transcriptions is shown in 
Table 3.2. 
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The data I collected by interacting informally with participants to clarify information or just 
through spontaneous interactions in our shared workspace, I recorded in the field notes.  I 
compared these data collected outside of formal interviews with those collected at interview 
to check participants’ consistency and varying viewpoints over time.      
3.6.2 Observations 
Two forms of observation were used to collect data: observation of organised gatherings and 
observation of spontaneous interactions between agents. In order to collect data without pre-
judging the circumstances in which knowledge creation could be observed, my strategy was 
to attend all formal meetings, events and social occasions. In order to ensure that I was aware 
of these events, I obtained permission from the Chief Investigator to establish and maintain 
contact with his executive assistant who organised these events. My name was put onto the 
distribution list, so I was always aware of planned formal gatherings. Team meetings were 
each fortnight during the first year of the study and then became weekly, so attending all of 
these meetings was achievable. In total, I attended 34 team meetings (face-to-face, video 
conferences and phone links), five protocol development meetings, ten events (including 
seminars, conference presentations, public presentations) and four social events (farewells, 
birthday and Christmas celebrations). 
In addition to formal gatherings, I was also able to observe agents’ movements and speech as 
they went about their work and interacted socially with other agents: at their desks, gathered 
around whiteboards in discussion, operating devices, moving to and from meetings, on coffee 
breaks and interacting with other Institute staff. The location of my desk provided a vantage 
point from which to observe and listen to agents’ activities so that I could move to where 
their interactions were occurring to better observe them. These observations allowed me to 
know what was going on in the projects at all times, without having to rely on what was 
reported at the formal meetings. In this way, I was able to take note of comments and actions 
when discoveries were made, or problems were solved.   The agents also allowed me to 
notice and monitor any tensions developing or changes in relationships between participants 
as the study progressed.  I recorded data from these observations in the field notes. 
3.6.3 Documents 
The documents examined included research publications, patents, project meeting minutes, 
research funding applications, contractual agreements with the government and the 
manufacturer, intellectual property agreements, clinical protocols, standard operating 
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procedures (laboratory and clinical) and ethical approvals. I was not permitted to make copies 
of the contracts, but I was allowed to sight them and take brief notes, while in the presence of 
the Legal Counsel’s executive assistant. I was able to extract information from these 
documents that helped me make sense of the day to day activities in the projects.  For 
example, when the project leader amended the key performance indicators of one of the 
projects, I was able to link this to details of a legal agreement with one of the funding bodies. 
3.6.4 Objects 
I followed a small number of objects central to the OI projects over the course of the study. 
The first was the MRS device used to scan participants in the MHC case (the devices used to 
scan participants in the Platform Technology case were in other states and so were not 
accessible to me). This device was not under direct control of the team and so featured in a 
series of conflicts on which I was able to collect data. The other objects I followed were less 
material than the device and included the artificial intelligence (AI) algorithm for classifying 
MRS data into the required categories for diagnosis, the database that the team developed to 
integrate research and clinical data and the protocols for participant recruitment and selection. 
Additional objects of relevance included the visual representations that the team constructed 
of their data in order to discuss it with each other and with their partners.  
I also drew on diagrams created by participants and by me during our discussions (at 
interview or in informal conversation) explaining aspects of the technology they were 
developing.  I found that the joint construction of diagrams helped me to establish rapport 
with participants and to clarify and understand detailed aspects of the cases. The drawing of 
visual representations of concepts to aid understanding is a significant part of the culture of 
researchers and is commonly employed within organisations (e.g. Kaplan, 2011; Yakura, 
2002) and is noted to be helpful by Klag & Langley (2013: 162): “drawings and diagrams 
may contribute in distinctive ways to conceptual thinking”. These drawings were jointly 
made either in my notebook or on a whiteboard. In some instances, agents drew using their 
fingers on desktops and walls of corridors, so I re-drew in my notebook what they had 
‘drawn’ immediately after our discussion. 
A summary of data sources and their extent is provided in Table 3.2. Note that these data 
sources were drawn on for both cases because most agents were involved in both cases, 
(except for the nurse manager, research nurse, and psychologist). Therefore, data collected in 
interviews and observations had to be sorted to each case (discussed later in this chapter).  
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Table 3.2: A summary of the data sources and their extent  
Data source Number Hours Pages 
Interviews 
(not all taped for transcription) 
 
40  62 596 
Observations- organised gatherings 
(team meetings, protocol meetings, events, social 
gatherings) 
 
50 82 320 
Informal interactions - 
 1368  
 
- 
Documents 
 
161 - 902 
Field notes 
(including observations-spontaneous interactions, from above as 
these were recorded in field notes) 
 
- - 874  
Reflective journal 
 
- - 412 
 
3.7 Data Analysis 
3.7.1 Approach 
The study involved extensive hours in the field so I took a small number of periods away 
from the field to allow intellectual distance from the data and to provoke different thinking, 
following the pattern of deep engagement and disengagement for reflection as recommended 
by ethnographic researchers (Klag & Langley, 2013: 161) to ‘help ideas coalesce to generate 
insight’. These periods of disengagement were essential to the analysis process because 
maintaining continual contact with the data was preventing me from discerning what the data 
had to say (Kisfalvi, 2006). The analysis involved multiple readings of transcripts, multiple 
readings of field notes and of notes made at interview and multiple listenings to recordings. I 
journaled each day about the data and wrote memos to self that captured my perceptions at 
that time by listing questions, insights and ideas for further consideration. I also periodically 
re-engaged with the relevant literature as part of the analysis process. 
The two case studies unfolded concurrently, so each day involved observations and 
engagement with agents pertaining to both cases. In addition, most agents were involved in 
both cases, so interviews, conversations and observations of them comprised data relating to 
both cases. Consequently, I had to tease apart the data into either the Platform Technology 
data set or the Application data set.  I began this process by constructing a timeline for each 
case, comprising all agent movements, events, interviews, technology developments 
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(manifested as new or modified devices), interruptions, and resolution of interruptions. These 
timelines served as the basis for tracking the project-specific maturation process, described 
later in this chapter. 
3.7.2 Coding 
As the study was exploring OI processes involving knowledge, I began coding with the intent 
of identifying data relating to knowledge and new knowledge. To identify material that could 
relate to knowledge, I used the practice-based definition of knowledge: as “a form of mastery 
that is expressed in the capacity to carry out a social and material activity” (Nicolini, 2011: 5) 
and so looked for capacities to carry out social and material activities. To identify new 
knowledge, I looked for instances of capacities that had not existed previously in the case or 
had existed in a different form and been modified by the agents. In addition, from the 
practice-based view, knowledge is understood to be embedded in practice (Gheradi, 2006) so 
I looked for instances of practices and particularly for instances of new and developing 
practices as indicators of new knowledge being created. Finally, from this stance, as objects 
are intertwined with practices, I examined the data to identify the objects involved in these 
practices. I was able to tell from the data when new knowledge had been created, by the 
existence of new capacities, new practices and new objects. I was able to determine that new 
knowledge had not been created if I could not discern any new capacities, practices or 
objects. In line with the practice-based view of knowledge, the unit of analysis was the 
practices I was able to discern. 
I began the coding process by reading all interview transcriptions several times and then 
preliminarily coding them by hand. I then coded them in greater refinement using the text 
analysis software package NVivo. All research journals, observation notes and other 
documentation were read and re-read over the observation period and again after the 
fieldwork was complete. My familiarity with the technology involved and the chemical 
concepts underpinning the innovation helped to make sense of the team’s individual and 
collective activities without the need for preparatory technological training as was deemed 
necessary in other studies of technological contexts (e.g. Bruns, 2013). I undertook an 
inductive data analysis following the sequence of observation, deep engagement and 
reflection, recognition of emerging patterns, tentative linking of themes and developing a 
tentative process model of OI knowledge creation. I iterated between each of these stages 
over the duration of the study. 
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Coding progressed in three rounds following the approach outlined by Corbin and Strauss 
(2008). I initially open coded the data to identify the breadth and nature of issues emerging 
from the study. I subsequently expanded some of these initial codes through more fine-
grained coding and coalesced others in further rounds of coding, ultimately generating the 
main themes of the study. The Code Book, containing the codes developed, together with 
their descriptions and illustrations, is provided as an Appendix. The codes developed are 
presented in Figure 3.5, which shows how I developed the initial codes into the main themes 
of the study through the sequence initial code, second code, third code and main theme. For 
the sub-themes of Mutual perceptions and Perceptions of the Knowledge creation process, I 
went back after the second round of coding and re-read coded entries and experimented with 
arranging the data in an Excel spreadsheet to generate further clarity. During the second 
round of coding, the significant role of interruptions became evident. Coupling this 
observation with the excitement and relief I observed in the field when these interruptions 
were overcome and frustration when they weren’t, prompted me to revisit the literature on 
knowledge creation. This enabled me to tentatively propose that interruptions were prompting 
self-distanciation, by shifting agents from unconscious engagement in their work to a state of 
‘not knowing’ or, using the terms from the literature (Tsoukas & Sandberg, 2011),  from a 
state of absorbed coping to one of theoretical detachment. This insight prompted me to focus 
on events around the interruptions.  
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Figure 3.5: Schematic depicting the development of initial open codes to main themes 
 
3.7.3 Following the knowledge creation process through time 
As the study unfolded, by taking a high level view of the data collected, I was able to identify 
changes over time in the overall capacity, in each case, of agents to carry out the capabilities 
they were striving for, and to identify incremental changes over time in the practices and 
objects that I was following. From the equivalence practice-based view, knowledge is 
practice and it is inscribed in objects and agents’ knowing. Therefore, increments in these 
elements, discerned as described above, constitute increments in knowledge, or evidence of 
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knowledge creation. So, by following changes in capacities to carry out strived for 
capabilities, practices and objects, I was able to follow the creation of new knowledge over 
time. This approach of identifying and following the creation of knowledge by ‘tracking’ its 
material manifestations over time, builds on approaches taken by McGivern and Dopson 
(2010) who followed the evolution of knowledge objects in a multi-partner OI network and of 
Schubert and Rohl (2017), who theorised about ‘tracing the knowledge inscribed’ into objects 
as they are created.  
3.7.4  Comparison of case contexts 
To contrast the cases theoretically, I developed several characteristics for comparison as 
follows. To understand the specialist knowledge and experience each participant brought to 
the team, the epistemic characteristics of agents, I examined their publicly available career 
histories. Further information about each agent was extracted from interviews, informal 
conversations, observations (e.g. role in the team, their organisational affiliations and 
accountabilities, other responsibilities). The senior agents also had significant experience in 
collaborating across knowledge domains (e.g. the Project Leader and Imaging Director who 
are both scientists but have been working on translational projects with clinicians and 
commercial partners for upwards of twenty years). Data collected pertaining to each agent 
were linked to that agent in NVivo. This allowed me to group attributes observed (e.g. 
attitude to risk, work environment, motivation) to specific agents and to specific groups of 
agents. 
The central objects involved in both cases were identified by examining data obtained 
through observation of activities and meetings and by examination of project documents. The 
central objects and main practices in agents’ work outside of the project, were identified from 
data gathered at interview. 
I identified the collaborative knowledge creation objectives in each case by extracting data 
from the codes objective, ends and mental model. ‘Objective’ related to what agents 
understood the objective of the project was; ‘ends’ were what they saw as a successful 
outcome and ‘mental model’ referred to their individual conceptions of what that successful 
outcome looked like. This involved going back to the relevant documents and interviews and 
piecing together the multiple perspectives obtained and then questioning agents to clarify and 
confirm my understanding. 
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Finally, I developed the knowledge creation process as strategised for the Application case, 
for comparison with that of the Platform Technology case, by re-examining data from 
meetings, interviews and conversations and identified data relating to how agents envisaged 
undertaking the Application case’s knowledge creation process. I then constructed an 
understanding of this and checked it with agents by questioning and clarifying.  
3.7.5  Identification of interruptions 
To identify knowledge boundaries encountered by the team members, I considered their 
respective occupational communities and looked for episodes of conflict, as conflict has been 
noted as a symptom of the differing epistemic views that constitute knowledge boundaries 
(Carlile, 2002; Levina & Vaast, 2005). I called these episodes of conflict, ‘interruptions’. For 
an episode to be identified as an interruption, the conflict needed to be clearly articulated 
within the group and it needed to cause or have caused, a major upheaval to the planned work 
program of the project, such as stopping work until a decision could be made or new strategy 
could be developed.  Interruptions were identified by activities on a stream of work within the 
project, stopping. Stoppages could sometimes be observed directly or were inferred from 
issues raised at the weekly meeting, by listening to conversation in the shared office and by 
enquiring of agents through informal conversations. In most instances, agents stated 
difficulties with progress at the weekly meeting and asked each other questions about how to 
proceed. Interruptions so identified were understood as manifestations of underlying 
knowledge boundaries. I identified that interruptions (and the underlying knowledge 
boundaries) had been overcome by work resuming on that previously interrupted stream of 
work as evidenced by agents no longer raising related issues as problems at meetings, of 
results being reported of actions that had been proposed at previous meetings, the project 
leader requesting data produced by resolving the interruption, and in some cases, direct 
observation, or agents explicitly stating that they had been able to resume work. 
Several interruptions unrelated to the knowledge boundaries involved in the OI processes also 
occurred, for example, a significant delay in gaining approval for, ordering and installing the 
group’s new MRS device. In such cases, there was no conflict within the team. Instead, 
conflict arose from budgetary governance activities with agents external to the OI processes.  
These interruptions are discussed fully in the next chapters. 
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3.7.6 Identification of types of practices 
I used the definition of practice as provided by Cook and Brown (1999) and Swan et al. 
(2007) as: an action informed by meaning drawn from a particular group context. In the 
course of the study, I identified occupation-specific practices that agents had acquired from 
their occupational communities (Bechky, 2003a) and also the development of project-specific 
practices, that is, practices that agents created and adapted specifically for the projects they 
were involved in. 
3.7.6.1 Occupation-specific practices 
From a practice-based approach to knowledge, agents can be understood as being intertwined 
with their own set of practices and objects, acquired in the context(s) of their professional 
experience. Agents in this study came to the projects from the different occupational 
communities (Bechky, 2003b) of science, clinical practice and commerce. In this study, 
agents were only observed working in these project teams, outside their occupational 
communities. So, I identified the different practices that each agent had acquired and on 
which they could draw in the collaborative knowledge work, from their occupational 
communities, and called these ‘occupation-specific’ practices.  
3.7.6.2 Project-specific practices 
Given that the basic units of analysis in a practice-based study are the practices themselves, 
as organised sets of doings and sayings (Schatzki, 2002) and that practices only make sense 
when they are organised around an end or an object (Nicolini & Monteiro, 2017), I identified 
groupings of activities that became organised around an end (e.g. one of the project sub-
objectives, such as ‘recruit participants’, see the Findings section) or an object (e.g. the MRI 
instrument, ‘scanning’, see the Findings section). I identified particular groupings of agents 
and particular objects that were purposefully directed towards specific knowledge creation 
ends, (e.g. scanning patients, analysing data) as explained by agents. Early in the analysis 
process, I called these groupings ‘directed activity clusters’, to distinguish them from 
isolated, uncoordinated activities and to also distinguish them from established practices. To 
identify the practices involved in the knowledge creation in these cases, I used the definition 
of practice as an observable entity: an action informed by meaning drawn from a particular 
group context (Cook & Brown, 1999; Swan et al., 2007) and proposed that the directed 
activity clusters were practices-in-the-making (Kislov, 2014). Distinguishing these practices-
in-the-making within the complex suite of activities observed, required deep engagement 
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with the data and iterating tentative identifications of practices with an understanding of what 
was ‘supposed’ to happen (i.e. what the agents’ actions were directed towards), gleaned from 
the project documents and questioning participants at interviews and in informal 
conversations. To assist this process, I used Excel spreadsheets to arrange observed activities, 
objects and agents as they were grouped as the study proceeded (and the knowledge creation 
process unfolded). Agents reported that these ‘practices-in-the-making’ were only enacted in 
each of these projects, and so I called them ‘project-specific’ practices. 
3.7.6.3 Framework practices 
Continuing this sorting of practice types, the data (interview, documents, informal 
conversations, observations) showed that the remaining unassigned practices were not 
occupation-specific or project-specific but were widely enacted in much broader contexts, 
such as across the Institute and the country, as well as in the projects examined.  These 
practices included those relating to ethics, management, intellectual property protection and 
budgeting and can be understood as providing a stable material and conceptual environment 
in which the two cases could be conducted. I therefore called these practices, framework 
practices.  
3.7.6.4 Practices involved in overcoming knowledge boundaries 
To identify the practices that agents enacted to successfully navigate the knowledge 
boundaries encountered, I identified the resulting interruptions and the resolution of each 
interruption. I then tracked backwards in time through the data from the resolution to the 
instance of the interruption, examining the activities of the agents involved and the practices 
they enacted during this period using the case timeline constructed from observational data. I 
supplemented this timeline with the agents’ interpretation of these events obtained at 
interview and in informal conversations. I took special note of practices that differed from 
those that the agents brought to the project from their previous experience (occupation-
specific practices) and the ways in which they were different.  
3.7.7 Identification of developmental phases in practice maturity 
In order to track the trajectory of the knowledge creation processes over time, I used the 
Temporal Bracketing strategy as described by Langley (1999). This methodology is used to 
‘break-up’ or bracket longitudinal case study data into defined periods during which the 
processes occurring do not exhibit large changes and conditions can be taken as more-or-less 
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constant. This is only possible if there are clear points on the study timeline at which tangible 
changes in the features of the cases occur, signaling the end of one temporal bracket and the 
beginning of the next.  
I began this treatment of the data by creating a timeline for each case and populating it with 
data descriptors, for example, agents, central objects, interruptions, conflicts, events, the 
team’s capacity to carry out their strived for activity, achievements (e.g. publications, 
funding), descriptions of the main practices at several points of time and descriptions from 
my memos about the ‘flavour’ of events at several time points (e.g. frustration, relief, 
impatience). Through close examination, it became evident that the timeline had periods of 
‘sameness’, with breaks between them. In determining the periods to bracket, I looked for 
major changes, e.g. addition of a new discipline to the team, success in developing the AI 
algorithm to classify the MRS data. An example of this is depicted in Figure 3.6, (reproduced 
from Chapter 6 where these findings are presented) describing the temporally bracketed 
periods for the Platform Technology case.  Further detail about the discontinuities between 
brackets is provided in Chapter Six. 
 
Figure 3.6: (Figure 6.1, reproduced from Chapter Six, where these findings are discussed).  Schematic 
describing the temporally bracketed periods during the Platform Technology data collection period, based on the 
observed differences in agents, objects and project-specific practices during the study. 
 90 
 
3.7.8 Definitions of theoretical concepts used in the study 
Definitions of each of these theoretical concepts are set out in the table below for reference. 
Table 3.3: Definitions of theoretical concepts used in this study 
 
Theoretical concept Definition 
Knowledge boundary 
The characteristics of specialised knowledge that enable problem solving within a 
function but cause difficulties in problem solving across functions (Brown & 
Duguid, 1991; Carlile, 2002) 
 
Interruption 
A stoppage of the flow of work by the team as a result of the team not knowing 
how to proceed with the project or not being able to proceed with the project due 
to contrary external influences  
 
Created knowledge 
Knowledge that was not discernible previously, manifestations of new knowledge 
in the form of new or modified practices, objects and capabilities (capacities to 
enact the strived for action).  
 
Collaborative knowledge 
creation objective 
The well-defined outcome that the team is striving towards- the ‘innovation’, the 
product of the OI processes at play: what this outcome will look like, who it will 
involve, practices, objects, capabilities, sites of knowing. 
  
Collaborative knowledge 
creation process 
The process that is unfolding over time (or has unfolded previously) of the 
intertwined activities of practices, agents and objects that results in knowledge 
being created, as evidenced by new or modified practices, objects and capabilities  
 
Collaborative knowledge 
creation process as 
strategised 
The way in which agents plan for the knowledge creation process to unfold, after 
having taken into account activities and approaches envisaged by them as 
supporting their desired outcome, given their assumptions and knowledge at the 
time of the strategy making. 
 
Central objects 
Objects central to the OI processes unfolding over the course of the study in each 
case.  
 
Examples include the MRS device for scanning participants, the AI algorithms 
and the integrated database. 
Practice 
An ‘action informed by meaning drawn from a particular group context’ (Cook 
and Brown, 1999; Swan et al., 2007))  
 
Examples of the three types of practice identified are provided below. 
 
Project-specific practice 
Practices that were enacted by agents only in a particular case (a specific project) 
and nowhere else in their work.  
 
Examples in this study include the project-specific practices of manual diagnosis, 
participant screening and MRS data processing. 
 
Occupation-specific practice 
Practices originating in agents’ occupational knowledge domains and acquired by 
agents’ participation in their occupational communities.  
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Examples in this study include writing academic papers, surgically removing a 
cancer and operating an MRS device. 
 
Framework practice 
Practices comprising the more or less stable background that sustained the 
practices involved in the knowledge work in the two cases examined, i.e. the 
practices comprising the ‘context’ of the two cases.  
 
Examples in this study include ethics approvals, budgeting, project management 
and intellectual property protection. 
 
Practice maturation 
The change in nature of a practice over time that enables greater capacity to carry 
out the strived for social and material activities, evidenced by the evolving 
capabilities of agents enacting that practice and the enhanced affordances of the 
practice’s objects, over time.  
 
Examples of practices that exhibited maturation in this study are the practices of 
diagnosis, recruitment and selection, and scanning 
 
3.8. Research Quality  
The notion of validity, in the context of the interpretivist approach used in the study of these 
cases, is contested (Lincoln & Guba, 1985). Therefore, in discussing the quality of the 
research reported in this study, I use the notion of trustworthiness, which is deemed more 
appropriate (Corbin & Strauss, 2008; Hammond & Wellington, 2013). Trustworthiness is the 
strength or quality of the claims made and is achieved by setting out the evidence gathered 
using rigorous procedures and constructing systematically a logical, clear argument 
(Hammond & Wellington, 2013). In addition, Lincoln and Guba (1985) pointed out the 
importance of not conflating ‘method’ and ‘interpretation’, by attending separately to the 
rigor the researcher applies to each of these aspects of the work. Trustworthiness has four 
aspects (Lincoln & Guba, 1985): dependability, the documented process of data collection, 
analysis and theory generation; credibility, which is enhanced by prolonged engagement and 
detailed observation; confirmability, which captures how well the data supports the findings; 
and transferability, the extent to which the findings could be expected to apply outside the 
particular context of the study. To demonstrate the trustworthiness of the account presented in 
this study, I discuss how I approached each of these aspects below. 
To ensure the study’s dependability, I kept a daily audit trail of all my actions in the field 
(interviews, observations, casual conversations, events) as well as of my reflections and 
insights about the data gathered. Each day I wrote in an electronic research journal to capture 
my thinking at that time and what was going on ‘in the field’. I referred back to these logs at 
least weekly (to build on previous reflections and insights) and also when tracking resolutions 
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of ‘interruptions’ backwards in time to tease out their component parts. All of this original 
material is available. In addition, I met regularly with my supervisors (Prof. Martie-Louise 
Verreynne and Assoc. Prof. Paul Spee) fortnightly and at least monthly to discuss data 
gathered and the process I used for developing my interpretations to check that my approach 
was reasonable and that my interpretations were logically sound. I sought multiple 
perspectives of the main themes in the study from participants to enable me to clarify their 
meanings or ‘triangulate’ my interpretations. While in the field, I also repeatedly checked my 
insights with the study participants to ensure that my sensemaking matched with theirs, by 
either one on one informal discussion or at interview. In an effort to ensure data quality, I 
repeatedly verified agent statements from interviews and conversations with observations of 
their behaviour. If incongruities were found, I followed up with agents individually to clarify. 
Finally, I took precautions to avoid researcher bias, particularly with respect to my former 
training and experience as a Physical Chemist and a manager. Klag and Langley (2013) speak 
of the researcher as an ‘instrument’ of data collection. Data is unavoidably interpreted by the 
researcher through the lens of their prior experiences and is “highly dependent on the 
interaction between the researcher and the research setting” (Klag & Langley, 2013: 159). 
For example, while I needed to collect data on the developing technology in the cases, I had 
to be careful to maintain my status as an observer and to keep my focus on observing 
(process and content) rather than thinking about the technology involved from my former 
technical or managerial perspective. In addition, sometimes agents would  seek to involve me 
in technical discussions, whereupon I would need to redirect the conversation back to the 
purposes of the study. However, while my previous experience may have caused some 
researcher bias, which I took precautions against, I also believe that this experience gave me 
unprecedented access and unique insights into how the increments of knowledge created by 
agents overcoming each interruption accumulated to form the ‘innovation’ in each case. As 
Kisfalvi (2006: 131) reported with respect to her unique prior experience, “it was precisely 
because of who I was…that I was able to access certain types of data about my subject”.  
I endeavoured to ensure the study was credible by spending extensive time in the field with 
the participants of the cases. I endeavoured to ensure the study’s confirmability firstly by 
providing sufficient details of what data was collected, how it was collected and analysed and 
also by providing multiple examples from the data to illustrate my insights and conclusions to 
enable readers to engage in their own considerations of the data and reach their own 
conclusions. In terms of transferability of the data, I would expect the study’s findings to 
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apply in similar contexts, that is, in temporary groupings of experts from diverse knowledge 
domains and multiple organisations, in OI projects involving novel, complex technology. 
Although I was only one researcher in a complex setting, I believe I have faithfully captured 
the essential aspects of the phenomenon I set out to explore: collaborative knowledge 
creation in OI processes. 
 
3.9 Chapter summary 
This chapter presented and discussed the choices made in taking a qualitative research 
approach and using case studies to examine the phenomenon of knowledge creation in OI 
projects, using a practice-based view of knowledge as a theoretical lens. I described the 
reasons for selecting the cases chosen and provided a case description of each, omitting 
detailed technical information but providing sufficient information to enable the reader to 
understand the nature of the context. I then described how I gained access to the cases, the 
extent of this access and my conduct in the field, including my attention to the ethical aspects 
of the work. I then set out the sources of the data collected using ethnographic methods and 
how I reflected upon and coded the data to identify the main themes emerging. I then 
reported how I identified knowledge boundaries, the practice types involved in the 
knowledge creation and how I tracked the development of the major project-specific practices 
and their objects, over time. Finally, I provided a consideration of the quality of the research 
reported in this study. 
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Chapter 4: Knowledge boundaries and practices in the OI projects 
 
4.1 Introduction  
The findings from this study are presented in three chapters. The practice-based view of 
knowledge recognises the inseparability of knowledge and its context so, to set the scene for 
reporting the knowledge processes observed in the two cases of OI examined, this chapter 
reports on the material and social aspects of each case’s context.  It focuses on the knowledge 
boundaries that arose from agents’ differences in practice and the types of practices agents 
enacted in these OI projects. These findings underpin the findings in the following two 
chapters about knowledge flow, knowledge creation and how the OI projects progressed over 
time.  
Chapter 5 reports on how knowledge boundaries were overcome, to enable knowledge ‘flow’. 
In that chapter I show that knowledge was created when knowledge boundaries were 
successfully overcome. I called this new knowledge project-specific knowledge, as from the 
practice-based view, it was situated knowledge, specific to the context of that project.  This 
new project-specific knowledge was in the form of new project-specific practices, new 
project-specific objects and an increased capacity to carry out new activities (capability 
development).  Chapter 6 reports on how knowledge was cumulatively created over time by 
developing the concept of project-specific ‘practice maturation’.  Project-specific practice 
maturation relates to the incremental creation of new project-specific knowledge over time.  I 
report how project-specific practices and their objects ‘matured’ over time as successive 
knowledge boundaries were overcome. It was the maturation of project-specific practices that 
allowed the OI processes to progress over time.  I then theorise the OI process in the 
Application case as a particular instance of a practice maturation process, a ‘templated’ OI 
process in which agents used their approach and the project-specific practices developed in 
the Platform Technology case as a basis for the Application knowledge creation process.  
This chapter is set out as follows: I first present the epistemic characteristics of agents in both 
OI teams and based on this, the knowledge boundaries expected to arise. I then compare these 
expected knowledge boundaries with those experienced by agents and their perceptions of 
agents who did not share practice with them. I then report on the practices enacted by agents 
engaged in each OI process and identify three types of practices: occupation-specific 
practices, project-specific practices and framework practices. It was the co-creation of the 
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project-specific practices that enabled agents to overcome their mutual knowledge 
boundaries. The co-creation of project-specific practices was both constrained and enabled by 
intertwining them with occupation-specific practices and framework practices. I also describe 
instances of agents taking on aspects of each other’s occupation-specific practices as they 
worked together, which assisted knowledge ‘flow’ and enabled them to work together more 
smoothly. Finally, I provide a summary of the chapter. 
 
4.2 Boundaries 
4.2.1 Knowledge boundaries expected to arise  
The knowledge each agent brought to the OI projects is important because it is the raw 
material that agents drew on (discussed in next chapter) to create new knowledge. Team 
members brought their own unique knowledge to the projects, the sum of their life 
experience, their work in their discipline and any previous experiences in working across 
disciplines. I begin this section by examining firstly the epistemic attributes of each agent, 
and then the epistemic attributes of the sub-groups that the agents identified with. The team 
comprised agents with diverse disciplinary training, experience and organisational 
affiliations, as set out in Table 4.1. Table 4.1 also sets out the main practices that each agent 
brought to this collaborative endeavour, together with the objects involved in their practices 
and their sites of knowing (Nicolini, 2011).  
Agents’ disciplinary training was highly heterogeneous, but preliminary data from interview, 
observations and informal conversations enabled a tentative grouping of agents into the 
categories of scientist, clinician or commercial, indicating the expected epistemic fault-lines 
between them. I used these groupings to generate further insights about the nature of the 
knowledge boundaries that could be expected to arise from the differences in practice 
between agents in each sub-grouping. To do so, I extracted several attributes of each agent 
from the data coding (Table 4.2). These attributes included each agent’s practices, objects and 
sites of knowing, together with descriptions of their attitudes to their work.  Table 4.2 shows 
agents’ differing and sometimes opposing attitudes with respect to work focus, their 
willingness to develop new practices and their differing practices involving data.   
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Table 4.1: Knowledge agents brought to the two cases of OI examined (The table includes agents in both cases examined) 
Agent Role in team Organisation Disciplinary 
training 
Professional experience Main practices Main objects Sites of their 
knowing 
Biophysics 
expert 
Leader and 
Chief 
Researcher 
Institute Biophysics 
Biochemistry 
Radiology 
Research group 
management Collaborative 
research management 
Institution management 
Collaboration with 
clinicians and commercials 
for translation 
Worked with surgeon 
previously 
Leading the project 
Supervising staff  
Supervising students 
Managing the Institute 
Undertaking research 
Liaison with clinicians 
Liaison with potential 
users 
Liaison with research 
partners 
 
MR device 
MR images 
Data representations 
Project documents 
Data 
Academic papers 
Research students 
Staff 
Budgets 
HR policies 
Managerial reports 
Laboratory 
Office 
Lecture theatre 
Tutorial room 
Meeting room 
Conference 
venues 
Imaging expert Imaging 
expertise 
Institute 
University A 
National 
Imaging 
Research 
Centre 
Physical chemistry, 
Medical and 
Clinical Science, 
Information 
technology 
Research group 
management 
Research Centre 
management 
Research collaboration 
management 
Collaboration with 
clinicians and commercials 
for translation 
Providing imaging 
expertise to the project and 
to the institute 
Supervising staff 
Supervising students 
Undertaking research 
Liaison with clinicians 
 
MR device 
MR images 
Data representations 
Project documents 
Data 
Academic papers 
Research students 
MATLAB software 
Felix spectral processing 
software 
Laboratory 
Office 
Lecture theatre 
Tutorial room 
Meeting room 
Radiographer 
(PhD student) 
PhD student 
Researching 
MR detection 
method 
 
University B Science 
Radiography 
Radiographer in several 
public hospitals 
Undertaking research 
Operating MR device  
Analysing data 
Preparing data 
presentations 
 
MR device 
MRS protocols 
MR images 
Data representations 
Data 
Academic papers 
MR scanning 
suite 
Office 
Meeting rooms 
Radiologist  Public health 
system 
Private 
practice 
Medicine 
Radiology 
Intern, registrar, specialist 
Public hospitals  
Private Practice 
Private consultancy 
management 
Consulting with patients 
Consulting with surgeons 
Reading MR images 
MR images 
Patient data 
Patients 
Office 
Radiology suite 
Research 
manager 
Project 
management 
including 
ethical 
approvals 
Institute Environmental 
science 
Laboratory technology 
Laboratory management 
Project management 
Managing the project 
documentation 
Obtaining and maintaining 
ethics approvals 
Administering grant 
applications and funding 
Project documents 
Ethics documents 
Financial documents 
Legal agreements 
Office 
Meeting room 
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Commercialisa
tion manager 
Intellectual 
property and 
commercialis
ation legal 
arrangements 
with the 
device 
manufacturer 
Institute Science 
Business 
Research scientist 
University research 
commercial manager 
(including translations) 
Setting up intellectual 
property agreements 
Setting up financial 
arrangements 
Overseeing creation of 
project agreements 
Liaising between potential 
clients and researchers 
Legal agreements 
Intellectual property 
documents 
Other contractual agreements 
Office 
Collaborator 
office 
Meeting rooms 
 
Surgeon Clinical 
Director 
 
Institute 
Public Health 
System 
Private 
Practice 
Medicine 
Surgery 
Intern, registrar, specialist 
Public hospitals 
Private practice 
Private consultancy 
management 
Collaboration with scientists 
Worked with Biophysicist 
previously 
Performing surgery 
Consulting with patients 
Managing private practice 
Maintaining surgical 
networks 
Liaison with scientists 
 
Patient data 
Conventional cancer imaging 
results 
Cancer biopsy results 
The patients themselves 
 
Consulting 
room 
Operating 
Theatre 
Meeting Room 
Office 
Imaging 
technologist 
Processing 
and analysis 
of image data  
Institute Biochemistry 
Physics 
Mathematics 
University research Working with radiologists 
to scan participants 
Analysing data 
Preparing presentations of 
data 
Discussing data and 
analyses 
MR device 
MR images 
Data representations 
Data 
MATLAB software 
Felix spectral processing 
software 
Laboratory 
Office 
Meeting room 
MR scanning 
suite 
Research 
technologist 
Technical 
liaison 
between 
researchers 
and company 
Device 
manufacturer 
Physics Research physicist 
 
Liaising with researchers 
Liaising with clinical 
device users 
Liaising with company 
research division 
  
MR device 
MR images 
Data representations 
Data 
Laboratory 
Office 
Collaborator 
office 
Meeting room 
MRI scanning 
suite 
Commercial 
Technical 
manager 
Oversight of 
company’s 
interests in 
technology 
development 
Device 
manufacturer 
Physics Research physicist 
Commercial management 
Liaising between company 
research division, 
researchers, clinical and 
device users 
Discussing and agreeing 
contractual arrangements  
MR device 
MR images 
Data representations 
Data 
Contractual agreements- IP, 
financial. 
Laboratory 
Office 
Collaborator 
office 
Meeting room 
MR scanning 
suite 
Psychologist Psychological 
expertise 
Institute Psychology Clinical psychology in 
hospital environments 
Multidisciplinary teams of 
clinicians 
Clinical practice, 
comprising patient 
assessment, patient 
counselling, writing 
psychological reports 
Psychological instruments 
Psychological standards 
Ethical standards 
Patients 
Reports 
Diagnoses 
Consulting 
room 
Office 
Meeting room 
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Liaising with doctors and 
social workers 
Research 
Nurse 
Nursing 
expertise 
Hospital A 
Clinical Trials 
Unit 
Nursing Nursing, in hospitals 
Clinical trials, in hospitals 
Clinical trials in Clinical 
Trials unit 
Providing nursing services 
to participants- e.g. taking 
blood, taking physical 
measurements, 
administering medication 
Providing clinical trial 
administration 
Patients 
Clinical Trial standards 
Clinical Trial Unit 
procedures 
Standard operating 
procedures 
Nursing ward 
Office 
Meeting room 
Clinical Trials 
Unit 
Nurse 
administrator 
Link to senior 
hospital 
administration 
Hospital A 
 
Nursing 
Management 
Nursing 
Clinical trials, private 
facility 
Management of clinical 
trials, Clinical Trials Unit 
Managing 
Liaising with senior 
management 
Ensuring safety and quality 
of Clinical Trials Unit 
operations 
Patients 
Staff 
Clinical Trials Unit 
Reports 
Policies 
Standard Operating 
procedures 
Office 
Meeting room 
Clinical Trials 
Unit 
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Table 4.2: Attributes contributing to knowledge boundaries arising, grouped by similarities of attributes 
Attribute Researchers Clinicians Commercials 
Identification 
Biophysics expert, Imaging 
expert, Research Manager, 
Imaging Technologist 
Surgeon, Radiographer, 
Psychologist, Research 
Nurse, Nurse Administrator 
Research Technologist, 
Technical Manager, 
Commercialisation Manager 
Focus of 
work 
Develop and demonstrate 
ideas, communicate proof via 
academic papers, to other 
scientists.  
Physical and conceptual 
objects.  
Scientists call the people in 
clinical trials ‘participants’ 
To help people by 
administer healthcare, 
applying well developed 
theories and treatments.  
Clinicians call the people in 
clinical trials ‘patients’. 
To generate and maintain a 
profitable business by 
developing, selling and 
supporting scientific imaging 
instruments used in 
healthcare. 
Interact with 
Other scientists, students Clinicians, patients Partners, scientists, clinicians, 
Company staff, coders, 
technicians, customer 
Site of 
knowing 
Laboratory, desk, meeting 
room, office 
Hospitals, clinics, 
consulting rooms, 
operating theatre 
Partner offices, laboratories, 
meeting rooms, manufacturing 
facilities 
Practices 
 
 
 
 
Attitude to 
developing 
new 
practices- 
risk 
A mixture of standard 
procedures and emergent 
practices. The standard 
procedures usually involve 
support work that tends not 
to change over time and 
provides the foundation on 
which new science is built  
 
 
Always seeking a better way. 
If something doesn’t work, 
they try something else. The 
cost of failure is relatively 
low, (time). Improvisation is 
useful and encouraged. 
Practices are standardized. 
Every formal practice has a 
standard operating 
procedure, and these are 
collected into a Manual 
(electronic and sometimes 
paper-based) that must be 
consulted and adhered to. 
Changes to practices are 
difficult to accomplish. 
 
Standard procedures, tried, 
tested and enforced. 
Variations, non-adherence 
or improvisation is 
punished. The cost of 
failure is high- potential 
loss of life.  
 
 
A mixture of standard 
procedures and emergent 
practices, relating to 
established and developing 
business respectively.  
 
 
 
 
Careful consideration of 
research and clinical factors to 
decide what is worth funding. 
The cost of failure can be long 
time frames, high costs or 
even loss of life. Need to 
balance the needs for 
improvement and 
breakthroughs against 
established safe approaches. 
 
Objects 
 
 
 
 
 
e.g. Data 
Objects change as part of the 
ongoing scientific process, 
always being improved upon 
or replaced. 
 
 
Data are regarded as 
‘belonging’ to the person 
who collected it and is only 
shared where needed and 
where credit is given. Data 
are linked to the device(s) it 
was collected with. Data are 
collected individually. Data 
can be confidential for 
intellectual property reasons 
rather than because it 
pertains to a person (as with 
clinical data).  
 
Equipment is standardised 
and changes or upgrades 
occur infrequently to 
minimise cost and 
disruption and maximise 
patient safety.  
 
Data are administered by 
the hospital where the 
patient is treated and is 
available only to treating 
healthcare staff. Data are 
linked to individuals and is 
confidential. Patient data is 
collated and protected in 
large hospital wide 
databases. 
Two types of objects are dealt 
with: commercial clinical 
instruments that are in 
operation and devices under 
development.  
 
Intellectual property 
agreements are in place with 
collaborators to allow access 
to scientist or clinician 
generated data. Deal with de-
identified instrumental data 
only, not linkable to 
individuals for reasons of 
confidentiality. Data are 
collected for a project and is 
shared among agents working 
on that project in a company 
database.  
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Of note are the differences in the focus of work, or ‘ends’ (Carlile, 2002) of the researchers, 
clinicians and commercials: developing ideas, helping people and generating business profit, 
respectively. Each distinctly different end underpins the agents’ different attitudes to their 
engagement in these OI projects. The commercials were able to perform a ‘bridging’ role 
between the scientists and the clinicians as they engaged in some scientist practices (e.g. 
developing new instruments) and some clinician practices (e.g. running and maintaining 
equipment used with patients) at each site of knowing, in addition to their own commercial 
practices and sites of commercial knowing.  
An important factor that contributed to epistemic differences between researchers and 
clinicians was the difference between the objects they used. Researchers’ objects are always 
changing (Miettinen & Virkkunen, 2005; Knorr-Cetina, 1997), and so can be understood as 
epistemic objects, whereas clinicians go to great effort to prevent modifications to their 
objects to ensure their proper use. Clinicians’ objects are therefore technical objects 
(McGivern & Dopson, 2010) and so are standardised, and changes are discouraged (Knorr-
Cetina, 1997; Mody & Lynch, 2010). This underpinned their relative attitudes to developing 
new practices and new objects (discussed in next chapters). While the scientists pushed for 
experimentation and improvisation while creating new knowledge, the clinicians pushed for 
standardisation and the use of tried and true approaches. A scientist explained: 
 “You have to make decisions and be ready to take risks. At times you’ll get it wrong, but 
you’re better off taking the risk and getting it wrong, if it’s not too wrong, than allowing that 
to stop you doing anything.” 
The same scientist commented on clinicians and risk: 
“Their whole way of thinking is very much about the service delivery, guaranteeing that on 
day one it’s going to work, and it keeps working…you don’t push the instrument beyond its 
limits ‘cos it might break and you get a whole lot of down time. Whereas the university says, 
let’s push it, let’s see what we can get out of it. If we break it, well, it’s down for a week while 
we fix it’.  
After one of the clinical scans, a radiographer explained to me that sometimes it seemed quite 
unbelievable that researchers can ‘play’ with expensive MRI equipment that could otherwise 
be used for the backlog of patients that were waiting for scanning. She went on to calculate 
how many patients they could have scanned using standard procedures during the 
experimental scan that morning.  
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The commercial agents needed to understand both scientific and clinical perspectives but then 
had to decide on the course of action most aligned with their own ends (Carlile, 2002). The 
commercial person on secondment from the device manufacturer, had previously been a 
researcher, so could understand the interests of researchers as well as commercials: 
 “Well… it’s still kind of hard to really – I’m starting to see the [company] side of it, I’m still 
a researcher at heart…Everything is interesting if you’re a researcher. Everything is worth 
looking into and putting work into. And well, from the [company] side, it’s also interesting 
but the question is – what can be realised? It has to be simple. It has to be – the best thing 
would be a one-click evaluation and a decision tool that says good or bad. And if it’s 
complicated, radiographers don’t like it. And they won’t use it. So, one aspect is the patient, 
the other is the radiographer who has to use it because if the radiographer doesn’t use it, it 
doesn’t help anybody.”  
The teams had a mix of experience: some agents had accumulated significant experience 
working across disciplines in the medical technology field, while others brought single 
discipline experience. The project leader had worked with clinicians for over two decades, 
the surgeon had worked with researchers over a similar period, and the Imaging Expert had 
been using physics to develop medical applications with clinicians since completing his PhD 
over 30 years ago. In project meetings they set about understanding each other by using 
language from each other’s fields, and when conversation about a foreign knowledge domain 
exceeded their familiarity, they were experienced enough in cross-discipline communication 
to realise this, interrupt the discussion, and to question the speaker. 
The project leader had, over several years of cross-discipline work, developed a useful 
strategy in recruiting for the team. He knew the importance of engaging the ultimate users of 
a new technology (the clinical practitioners) in its development. So, for this project involving 
the use of an MRI device to obtain the MRS data, he recruited experienced radiographers 
(whose professional expertise is operating MRI devices in current clinical practice) as PhD 
students to equip them with research expertise to enable them to act as boundary-spanners 
with radiographers (clinicians) in order to facilitate take-up of the finished new practice.  One 
of these students explained his perspective on ‘making the transition into research’: 
“I wasn’t prepared for the entire shift in culture that I experienced or am experiencing, going 
from a group of clinicians to a group of researchers, it’s very different.” 
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The PhD students (radiographers) brought with them deep knowing about the operation of 
clinical MRI devices and their limitations and as a consequence were aware of the 
requirements for patient comfort and device operability needed in the development of the 
new diagnostic practice. 
Examination of the epistemic characteristics of agents suggested significant knowledge 
boundaries because of the significant differences in agents’ practices. These knowledge 
boundaries were mostly pragmatic boundaries (Carlile, 2002), as agents had different 
interests. Differences in practice were greatest between scientists and clinicians, with each 
group having distinctly different ‘ends’ (Carlile, 2002): conceptual exploration compared 
with patient care. Commercial staff spent significant time with clinicians as their customers 
and so understood their work, their language and their ‘ends’. Commercial staff also shared 
practice with the researchers in terms of dealing with technology, but again had different 
ends: commercial profit compared with conceptual exploration. Because of this common 
ground (Carlile, 2004), commercial staff were able to bridge some of the knowledge 
boundaries between researchers and clinicians.  
Several of the agents involved in the Platform Technology case also participated in the 
Application case. While the scientists and commercials were the same in each case, there was 
a different group of clinicians involved. The surgeon and the senior clinician remained, but a 
psychologist, nurse and nurse administrator were recruited to the team, as was another PhD 
student (who also had experience as a radiographer). The knowings they brought to the team 
are also set out in Table 4.1 above. While I classified each of these agents as a clinician, as 
described above, there was a further characteristic that caused a knowledge boundary within 
the clinician group in the Application case, fragmenting it into clinicians dealing with 
physical issues and clinicians dealing with mental health issues. This knowledge boundary 
between clinicians arose because while one of the psychologist’s central objects was mental 
health, one of central objects of the Nurse, Nurse Administrator and Surgeon was physical 
health. This additional knowledge boundary between clinicians in the Application case 
resulted in conflict and interruptions to this OI process (reported in the next chapter). 
4.2.2 Knowledge boundaries observed to arise  
To further explore knowledge boundaries within the collaborations, I present below agents’ 
perceptions of each other, using the three categories discussed above: researchers, clinicians 
and commercials. These perceptions were sometimes articulated clearly at interview and in 
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informal conversation but were also apparent during their dealings with each other either at 
project meetings or in their day to day interactions.  
Clinicians’ main perception about researchers was that they were disorganised, that they 
didn’t share and that their primary interest was themselves, and as a result they were difficult 
to work with. On being disorganised, clinicians said: 
“They don’t have a clear leader, so there’s professional friction,” and 
“I feel like everybody [the researchers] talks in ideas and nobody does solutions.” 
Clinicians sometimes used this view of researchers to their own advantage when planning 
their own work priorities within the project. A clinician who had been working on the project 
for some time, advised a clinician new to the project about prioritising project tasks: 
“Their [researchers’] process is their timelines, there’s no such thing as a research 
emergency. So, there’s no urgency.” 
That clinician then advised the new clinician to ignore the researchers’ requests because they 
would forget about what they said was urgent and ‘then you haven’t wasted your time’.  
A powerful quote that captured clinicians’ perception that “researchers don’t share” was 
given by an exasperated clinical manager whose experience involved several previous 
collaborative projects with researchers:  
“As soon as research is involved, that’s it. No one talks to anyone anymore.” 
This contrasts starkly with how clinicians described their culture to me as one of sharing and 
discussing patient clinical data and clinical techniques so as to improve their service to 
patients. Data collected at interviews and from casual conversations with clinicians indicated 
that clinicians saw researchers as ‘self-interested’.  One clinician said at interview: 
“Their primary focus is themselves, whereas ours is our patients”. 
These perceptions, gained by clinicians through previous collaborative work with researchers, 
coloured clinicians’ expectations about working with researchers in these projects. Clinicians 
also perceived researchers as having ‘enormous egos’ (which made working with them 
difficult), as being ‘competitive by nature’ and sometimes treating clinicians with 
‘professional disrespect’. However, clinicians acknowledged the importance of working with 
researchers.  Interview data showed that clinicians recognised that researchers were clever, 
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and they have what is needed to develop better patient care, and so can help clinicians 
achieve their core value of helping patients. To illustrate this perception (and the frustration 
of working with researchers), one senior clinician commented: 
“If they could just connect [with each other and with us], they could move mountains!” 
Clinicians did not voice strong opinions about commercial staff. Most comments reflected an 
attitude that commercials are ‘necessary’, and they just let them get on with “whatever it is 
that they do”. 
Researchers held a common belief that, “you’ll never get a clinician to a meeting.” While 
clinicians were always requested to attend the weekly (and later bi-weekly) project meetings, 
apart from the surgeon, they usually did not attend, despite meetings being scheduled during 
the hospital’s lunch break or early in the morning before their clinical day began. When one 
of the clinician-PhD students had failed to attend yet another lunch time meeting and had 
again failed to answer his mobile phone or respond to voicemail, the project leader sent one 
of the other clinicians off to physically search for him and said; 
“Tell him unless he starts attending meetings, he’s going to fail his PhD.” 
Researchers did acknowledge their differences from clinicians: 
“They’re focused on service delivery, we’re focused on exploring and pushing limits,” 
And believed that “you’ll always have to chase up clinicians for what they’ve promised” 
A senior clinician, who had extensive experience working with researchers, agreed with this 
researcher assessment of clinicians. He explained at interview that clinicians can agree to be 
involved in clinical trials and provide data, but they can be easily distracted by their day to 
day workload. Making even one addition to their practice (e.g. taking one extra sample from 
the patient for research purposes) can be difficult. He compared some clinicians to ‘dogs in a 
wheelbarrow’:  
“You load them into a wheelbarrow, and you say, “Sit there.” They look at you, they wag 
their tail, they look you in the eye, they mean to stay there, they promise to be there when you 
come back. When you come back, they’ve got out. “Wasn’t my fault. I meant to be there.” 
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Researchers sometimes saw their epistemic culture as the ‘right’ one for the project as 
evidenced by a comment made at a weekly meeting about recruiting a particular clinician to 
the team: 
“Now, [new staff member] is different and that’s one of the reasons I think this will work. 
[New staff member] is a scientist as well as a [type of clinician].” 
Similarly to clinicians, researchers did not comment extensively about their commercial 
partners, other than to acknowledge that their focus was on commercial viability rather than 
the researcher focus of technical possibilities of a technology. 
Commercials expressed some frustrations about working with researchers. Their most 
commonly held perception was that researchers did not prioritise the legal protection of 
newly created knowledge:  
“They like to yap, you can’t trust them,” 
and 
“They have no idea about the contractual arrangements that are necessary to get things to 
happen.” 
They also saw researchers as unskilled or naïve, with respect to commercial matters: 
“They’re terribly smart, but terribly introverted and they speak a completely different 
language [to commercials]” 
One senior commercial agent, while sharing coffee one morning, even called into question 
the inherent complexity of scientific research work: 
“Research is no more complicated than baggage handling at Qantas8”,  
and commented that researchers don’t particularly like commercials because commercial 
funding is ‘dirty money’. 
The commercials acknowledged the importance of working with clinicians because they were 
the ultimate users of their products and so could provide important feedback, while 
commenting that clinicians “don’t have the sense of urgency that industry does.” 
 
8 Qantas is an Australian airline 
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All agents, researchers, clinicians and commercials alike, commented on the ‘lack of process’ 
in their work but some enjoyed this, and others were frustrated by it. While most of the 
clinicians were frustrated by not being able to follow an established procedure, the scientists 
actively enjoyed it. They enjoyed experimenting with differing approaches to see what results 
they achieved. Commercials, through their experience in developing new technologies, 
understood that there was no specific predefined process, and so they accepted the day to day 
uncertainties of the work, but they did try to reduce the number of options at each stage and 
to argue for an approach with the greatest probability of commercial success, rather than for 
one on the basis of academic interest. Some agents commented that there must have been 
‘some kind of process’ underpinning their work in the OI processes, but because they were 
not able to readily discern it, sometimes became frustrated.  
While researchers’ ends involved maximising publications and student progression, 
clinician’s ends involved improving patient care and commercials’ ends involved improving 
profits. However, all agents shared an important unifying element, the motivation for being 
involved in the work: saving people’s lives, as recounted by one of the scientists at interview: 
One of the reasons [Chief Investigator] suckered me in here with [famous researcher who 
commercialised life-saving research worldwide], he goes ‘we’re going to solve metastatic 
disease here’. How do you say no to that? How do I not respond with an email at two in the 
morning when I know that that’s my mission? 
These insights to how the sub-groupings of agents perceived each other indicated that the 
most strongly held negative perceptions, and therefore perceptions most likely to have 
coloured agents’ attitudes to each other in terms of setting aside ‘at-stake’ knowledge 
(Bechky, 2003; Carlile, 2004) in order to attempt to overcome their knowledge boundaries, 
lay between the researchers and clinicians. As hinted at from the examination of agents’ 
occupational knowing in the section above, commercials, while recognising their differences, 
nevertheless were more able to engage with both researchers and clinicians than researchers 
and clinicians were able, or willing, to engage with each other (Figure 4.1). The significant 
knowledge boundary between researchers and clinicians, and the sub-boundary between 
clinicians in the Application case significantly constrained those OI processes.  This is 
described further in the next chapter. 
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Figure 4.1: Schematic representation of the boundaries (knowledge boundaries) that arose in each case study, 
due to agents’ different practices rather than their different organisational affiliations. These boundaries 
impacted the OI process in each case (reported in the next chapter). 
Commercials shared some practices with researchers and some with clinicians, reducing the magnitude of the 
boundary between those groups and enabling the commercials to act as ‘boundary-spanners’ between the 
researchers and clinicians, to ameliorate some of the significant boundary that arose between researchers and 
clinicians. The knowledge boundaries between the commercials and the other agents therefore was more 
‘porous’ (in OI terms) than the boundary between researchers and clinicians, as indicated by the dotted lines in 
the figure. 
A sub-boundary arose within the clinicians grouping for the Application case, separating clinicians dealing with 
physical health issues and mental health issues and significantly constraining knowledge creation in that case. 
 
This chapter so far has reported on the knowledge boundaries expected to arise, based on the 
epistemic nature of the teams, and the knowledge boundaries that were observed to arise, and 
so has focused on boundaries at the level of individuals. However, agents were drawn from 
several organisations including universities, hospitals, research institutes, private practice and 
a commercial firm, so organisational boundaries could also be expected to play a role. 
However, I found nothing to suggest that organisational differences, per se, played a role in 
knowledge creation in these cases.   While some jurisdictional conflict did arise between 
organisations that interrupted the OI processes in these cases (discussed in the next chapters), 
overcoming these interruptions did not create new knowledge, whereas overcoming 
knowledge boundaries due to differences in practice did create new knowledge. Therefore, in 
the OI processes examined, differences between agents’ disciplinary practices, rather than 
between their organisational affiliations, gave rise to knowledge boundaries that influenced 
how knowledge was created in these projects.   
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4.3 Practices in the OI processes 
4.3.1 Types of practice  
The agents engaged in the cases were also involved in other work outside of these projects. 
For the senior agents, this involved other OI projects but also other work pertaining to their 
occupational areas of expertise, including research, surgery, radiology, leadership and 
management and commercial operations. Thus, an important part of the data collection and 
analysis process was identifying which work pertained to this case, as described in the 
Methods section. Using this approach, over thirty practices (including practices being 
developed) were identified. Within these, three types of practice were observed: those 
enacted by the agents only while engaged in work relating to this case, which I called 
‘project-specific’ practices (e.g. MRS scanning, analysing data, diagnosing using MRS ); 
those enacted by agents in the work of their own occupational knowledge domain, which I 
called occupation-specific practices (e.g. standard MR scanning, surgery, supervising PhD 
students), and practices that comprised the more or less stable background against which the 
project-specific and occupation-specific practices could be discerned.  I called those 
practices, framework practices (e.g. ethics, intellectual property, managing staff) to reflect the 
important role they played in sustaining the supporting framework for the work of the OI 
processes examined. Examples of each of these types of practice are shown in Table 4.3, 
which sets out which agents enacted each practice, the main objects they used in those 
practices, and the site at which those practices were enacted. The project-specific practices 
shown, and the objects involved, evolved over the course of the study. This project-specific 
practice ‘maturation’ is discussed in Chapter 6.  
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Table 4.3- Examples of project-specific, occupation-specific and framework practices 
Practices Description Agents Site Central objects 
Project-specific 
 
MRS scanning  
 
 
 
 
 
Analysing data 
 
 
 
 
Diagnosing (using 
MRS) 
 
The physicist, data scientist and assigned 
radiographer would sit together at the MR console 
and operate the device using the scanning sequence 
(experimental protocol) developed from previous 
scans. They would discuss together and adjust the 
protocol as they collected data. 
 
The data scientist would take scan data previously 
‘cleaned’ to remove noise and enhance the signal, 
then examine each spectral region by eye, using 
judgement developed in the project, and assign 
each area to a cell chemistry. She frequently called 
the physicist and sometimes the biophysicist to 
discuss the data to reach a joint assignment.  
 
The physicist and biophysicist would present their 
assignments of cell chemistry and compare these 
with the surgeon’s diagnosis. They discussed and 
clarified each other’s reasoning, until agreement 
was reached.  
 
 
Physicist, 
Data scientist 
Assigned 
radiographer 
 
 
Physicist, data 
scientist, 
biophysicist 
 
 
 
Physicist,  
data scientist, 
biophysicist, 
surgeon 
 
 
 
Research 
Institute, 
lab 
 
 
 
Research 
Institute, 
Office 
 
 
 
Research 
Institute, 
Office 
 
 
 
Modified MR device 
Experimental protocols 
 
 
 
Data files, data visualisation 
images, Matlab and Felix 
software 
 
 
 
Data visualisation images, 
spreadsheets of selected data, 
patients’ clinical data 
Occupation-
specific 
Standard MR 
scanning 
 
 
Surgery 
 
 
 
Supervising PhD 
students 
 
The hospital radiographer would sit at the MR 
console and select a built-in protocol (scanning 
sequences) on the screen, depending on which 
body part was being scanned.  
 
The surgeon would excise cancerous tissue from 
the patient, previously identified by biopsy, 
ultrasound and sometimes by a standard ‘contrast 
enhanced MRI’  
 
The supervisor and the student would meet 
formally and informally to plan experiments and 
discuss analysis results. The supervisor sometimes 
observed experiments. The supervisor guides the 
student’s thinking and writing and interpretation of 
the data.  
 
Hospital 
Radiographer 
 
 
 
Surgeon 
Nursing team 
 
 
Researchers 
PhD students 
 
Hospital, 
Radiology 
Suite 
 
 
Hospital 
operating 
theatre 
 
 
Research 
Institute, 
office and 
laboratory 
 
Clinical MR device 
Pre-set protocols 
 
 
 
Surgical equipment 
 
 
Draft manuscripts 
Tables of data 
Data visualisations 
Framework 
Ethics 
 
 
 
 
 
Intellectual property 
 
The research manager would liaise with funding 
bodies, legislative bodies, hospitals and partners to 
set up, gain approval and maintain ethics 
documentation for all aspects of the project, 
including individual approvals required for each 
agent involved.  
 
Research Manager, 
Hospital liaison 
officers, Lead 
researcher 
 
 
 
Medical 
Institute, 
office 
 
 
 
 
Ethics approvals, Approvals 
to conduct trials in other 
jurisdictions, patient 
confidentiality agreements 
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Managing staff 
 
The lead researcher and commercialisation 
manager would negotiate IP conditions for each 
aspect of the project, involving partners, students, 
staff and other contributors. The lead researcher 
and the Counsel would develop the documentation 
and shepherd it through the agreement processes. 
 
Senior agents would meet regularly with staff, 
reporting to them and discussing their progress on 
assigned tasks and upcoming tasks and strategise 
for funding applications and paper writing.  
Lead researcher, 
Medical Institute’s 
Counsel and 
Commercialisation 
Manager 
 
Senior agents: 
Biophysicist, 
Imaging expert 
 
Medical 
Institute, 
office 
 
 
Medical 
Institute, 
office 
Legal agreements 
 
 
 
Work plans 
Performance appraisal 
documents 
 
Data from interview, documentation and observation showed that these framework practices 
permeated all of the OI projects at the Institute and included ethics practices, intellectual 
property practices and the practices of managing staff. Three significant framework practices, 
originating outside the OI processes examined, impacted the two OI processes examined. The 
first of these was research funding. I identified this as a framework practice, because while it 
originated in researchers’ occupational practice, it permeated all of the OI projects being 
conducted at the Institute and is a fundamental component of government funding in the 
Australian context. Funding was discussed at every project meeting. The senior scientists had 
to ensure that there was a continuous ‘pipeline’ of research funding applications and, in turn, 
had to ensure that there were research papers being produced to support those applications. 
They also had to liaise with the major government and healthcare bodies funding the work to 
appraise them of progress and of any potential problems arising in order to maintain their 
relationships for future funding, even when there were some quite pressing technical matters 
to resolve. A significant portion of project cash funding was short term competitive funding, 
resulting in multiple short-term and part time appointments and uncertain employment 
futures. The team also had to work with ‘in-kind’ contributions (non-monetary contributions, 
e.g. time on an instrument) from partners and to balance the use of both types of funding. A 
recurring source of frustration to the team was the government sponsor who provided the 
building in which they were collaborating, but no salaries or operating costs, as expressed by 
the project leader: 
“They think that they just have to build a building and put everyone in it to get 
‘collaboration’.” 
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Practices associated with research funding therefore significantly impacted the work of each 
OI project examined, but also affected all other projects being undertaken at the Institute and 
most likely extended beyond this organisational scale to other OI projects involving 
university research elsewhere in Australia. 
The second outside factor influencing the OI processes was the need to attend to legal aspects 
of the work, including ethics, intellectual property and confidentiality agreements. Frequently 
a new project-specific development, or requirement, needed additional permissions to be 
obtained or ownership of new knowledge created by the teams to be protected. As new 
people joined the team, the legal agreements needed to be amended. All the agents 
acknowledged the importance of attending to these matters but were nevertheless frustrated 
by the time and effort involved. The associated workload associated with these practices 
justified employing a full-time research agreements manager and part of a commercial 
manager’s time. As with research funding, practices associated with ethics and legal aspects 
of the projects permeated all other projects being undertaken at the Institute 
The third external factor was the heavy administrative workload that underpinned their work 
in these two OI processes. Agents expressed ongoing frustration with having to cope with 
heavy workloads, being spread across multiple projects and multiple types of work (e.g. 
managing, researching, clinical consulting, and surgical duties) and the day to day logistics of 
managing the team and the team’s physical environment. I provide as an example the 
significant work that went into making available the team’s own MRS scanning device. 
Obtaining approval to purchase, placing the purchase order and installing the new device took 
over 16 months, because of jurisdictional clashes between the parties. This exercise 
consumed much of the senior agents’ time and they stated on several occasions at interview, 
at meetings and in casual conversation that this time could have been ‘much better spent on 
technical matters’ and this caused them significant frustration. 
Of the three types of practices identified, it was the co-creation of the project-specific 
practices that enabled agents to overcome their mutual knowledge boundaries. The means by 
which agents were able to co-create project specific practices is reported in the next two 
chapters.  
4.3.2 Intertwining of practices  
The project-specific practices identified were sometimes entwined with occupation-specific 
practices and with framework practices. This entwinement affected how the project-specific 
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practices played out, by constraining or enabling them. For example, while Ethics practices 
(framework practices) were required by law, on several occasions the drawn-out enactment of 
these practices constrained the enactment of the project-specific practice of Scanning 
(whereby MRS data was collected from patients), which in turn constrained knowledge 
creation. In contrast, the occupation-specific practice of Co-supervision of PhD students by 
academics from different disciplines, encouraged the students to enact boundary spanning 
practices between their supervisors’ different areas of expertise (Kaplan, Milde & Cowan, 
2017; Lam, 2007), which in turn enabled the framework practice of Weekly project meetings, 
which then enabled the creation of the project-specific practice of Diagnosis, thus enabling 
the knowledge creation.  
4.3.3 Modifying practice without explicit engagement 
As agents worked together, I observed them change aspects of their practices after explicit 
dialogical engagement with others (e.g. modify the scanning practice after discussion at a 
weekly meeting) but also after prolonged in-person interaction with other agents, without 
explicit dialogical engagement.  I illustrate this finding using two instances of agents 
beginning to enact some of their colleagues’ practices without overt discussion. The result 
was enhanced common ground in the form of shared practices that helped them work together 
more smoothly. The first example relates to the co-development of the Scanning practice for 
the MHC and the second example relates to the Manual Diagnosis practice for the MHC.  
The first example involves the clinicians taking on one of the researchers’ practices.  The co-
development of the Scanning project-specific practice involved researchers and the Facility’s 
allocated radiographers who operated the device. They co-developed this practice by drawing 
on the Platform Technology project-specific practice of Scanning and the radiographers’ 
occupation-specific knowing. The Platform Technology project-specific practice of Scanning 
had been developed on another device for another purpose, so extensive practice modification 
was required. The researchers sat with the radiographers to modify this protocol (documented 
sequence of magnetic bursts) for scanning the brain and to develop a procedure (documented 
step by step process) for scanning the patient. They worked physically closely, all sitting at 
the device’s control console at the Facility as shown in Figure 4.2. As they worked, the 
radiographers seemed to enact some research practices. For example, in the absence of 
standard procedures for this novel work, one radiographer was using a procedure developed 
by the other radiographer, but she annotated it with her knowing, acquired from her own 
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work with the device. A third radiographer had a copy of this annotated procedure but was 
using his own version, annotated with his own knowing. Their conversation illustrates the 
nascent nature of the development of the Scanning practice:  
 
 
Figure 4.2: Scientists and clinicians together at the console in the MRI suite in the Collaborative Imaging 
Research Centre. The participant is in the MRI device (part of circular structure visible behind the glass) in the 
room behind the console.  
Radiographer 1 to Radiographer 2 at the screen, in discussion about how to save the scan 
files. 
R1: “I never do it like that, this is how I do it….”  
They then refer to their procedure in development:  
‘This bit contradicts that bit!’ 
Radiographer 1 then asks the researchers how they saved the files and they discuss the pros 
and cons of those methods and what they should decide on for their work here.  
This is very much how researchers work as they create new practices. They usually have no 
standard procedure for an experimental instrument and make their own notes for its use, 
adding in their own learnings as they accumulate.  
In usual clinical practice, the magnetic field is adjusted automatically by the device’s 
software. However, on this device, the radiographers had to adjust the ‘shim’ (focus the 
magnetic field) manually, with the assistance of the research physicist and PhD student sitting 
next to them. The radiographers seemed to enjoy the challenge of working with the device 
outside of their normal repertoire.  
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Radiographer 1 has worked with the translation team for several weeks and is training 
Radiographer 2 in the experimental procedures used with the magnet. Radiographer 2 is 
adjusting the shim to get the best possible sensitivity. He reads out a number: “14.5.” 
PhD student: ‘That’s pretty good’ 
Radiographer 2: ‘let me shim a bit more…’ 
Radiographer 1 (to me, as I sit at the back of the control room, observing): “That’s a 
radiographer thing. Always trying to get it better!” 
Radiographer 2: “14.3” 
PhD student: “That’s good!”  
Radiographer 1 and 2 discuss how to improve the shim further. 
Radiographer 2: “Thirteen! Yes! You owe me a coffee!” 
Radiographer 1: “Nice!” 
This data illustrates how agents from differing knowledge domains, working together, can 
take-up and enact each other’s discipline specific practices (radiographers enacting research 
practices of experimenting and ‘pushing’ the device). 
The second example involves the researchers taking on one of the clinicians’ practices. The 
third psychologist commented at interview about how strange she found the shared office 
working environment:  
“This is the quietest place I’ve ever worked. It’s weird.” 
She was the only clinician in a shared space filled with researchers, each engaged in their 
own work, which did not require conversation with other team members. This atmosphere 
contrasted starkly with her experience of frequent casual discussion about work details in her 
previous role in a clinical team: 
‘We all worked in a small hospital, it was like a well-oiled machine, we all knew what we 
were doing, it was all good.” 
As radiographers had also expressed: 
“We all talk about everything- the equipment, the patients, software updates…” 
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However, developing the project-specific practice of Manual Diagnosis required the 
researchers to compare their MRS data with the psychologist’s clinical diagnosis of 
participants and to explore together features of each data set. This activity required face to 
face conversations and interaction using visual representations of data. As the process 
unfolded, the psychologist and researchers began to interact more: the psychologist would go 
and sit at the imaging technologist’s desk to discuss the MRS spectra and the researchers 
would gather around the psychologist’s desk to discuss the conventional diagnosis of the 
latest participant they had scanned. The researchers were excited to find out the clinical 
diagnosis and then to make sense of their MRS data in the light of this diagnosis. After 
several weeks of their work requiring them to interact with the psychologist, the researchers 
would walk back into the office after a scan and call out to the psychologist, asking for her 
diagnosis. To preserve confidentiality, no names were available, so researchers would call out 
the participant code number to enquire about the diagnosis. In this way, the researchers 
appeared to be enacting a clinician practice of sharing information and comparing stories 
about participants. This mirrors observations of the radiographers when working with the 
researchers to co-create the scanning practice, where in that instance the clinicians 
(radiographers) enacted some research practices (separate bits of paper on the console, 
annotating the procedures as they developed them) as described above.  
 
4.4 Chapter Summary 
This chapter examined the knowledge boundaries that arose within the teams and the 
practices enacted by agents in the two OI cases. I first set out the epistemic characteristics of 
agents in both OI teams and based on this, the knowledge boundaries expected to arise. 
Comparing the elements of the knowledge brought to the projects by each agent (role, 
organisation, disciplinary training, professional experience, main practices, main objects and 
sites of knowing) enabled me to sort the agents into three groups with similar attributes: 
researchers, clinicians and commercials. This suggested that knowledge boundaries would 
arise between those three groupings. I then compared these expected knowledge boundaries 
with those experienced by agents and found that agents themselves perceived the team as 
falling into these three groups. In addition, the data also showed that commercials shared 
some practices with researchers and some practices with clinicians, which enabled the 
commercials to act as boundary-spanners between the other two groupings. Although agents 
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came to these projects from multiple organisations, it was the differences in disciplinary 
practice at the level of individuals, rather than differences between organisational practices, 
that gave rise to these knowledge boundaries.  
Finally, I reported on the practices enacted by agents as they engaged in the OI processes. I 
identified three types of practices: occupation-specific practices, project-specific practices 
and framework practices. It was the co-creation of the project-specific practices that enabled 
agents to overcome their mutual knowledge boundaries. Agents’ co-creation of project-
specific practices was affected (constrained and enabled) by intertwining with occupation-
specific practices and framework practices. I also recounted instances of agents taking on 
aspects of each other’s occupation-specific practices as they worked together, which assisted 
knowledge ‘flow’ and enabled them to work together more smoothly. In the next chapters, I 
report how agents overcame their mutual knowledge boundaries by using each of these types 
of practices in different ways.  
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Chapter 5:  Creating knowledge and knowledge flow 
5.1 Introduction  
Chapter Four reported on knowledge boundaries arising in the teams as a result of their 
different occupational practices. As discussed there, it was these differences in occupation-
specific practices at the level of individuals that generated the knowledge boundaries rather 
than differences in agents’ organisational practices. This chapter describes how those 
knowledge boundaries reported in Chapter Four shaped how the projects developed. As 
agents were confronted with changing circumstances and new challenges as the OI processes 
unfolded over time, these knowledge boundaries influenced how agents were able to respond 
to these circumstances and how they were able to engage with each other. In some instances, 
circumstances occurred which stopped progress. These ‘interruptions’ were identified as 
described in Chapter Three, Methods.  
The study identified four types of interruption to the OI processes: productive interruptions, 
unproductive interruptions, reproductive interruptions and framework interruptions.  The first 
three of these types of interruptions involved knowledge boundaries, either arising from 
differences in occupation-specific practice or re-emerging due to pre-existing project-specific 
practices decaying over time. The fourth type of interruption, framework interruptions, were 
caused by the constraining effects of framework practices on project-specific practices, rather 
than by knowledge boundaries. 
In the remainder of the chapter, I focus on the development of four project-specific practices 
in the Application case to illustrate particular points about how the agents in the two cases 
overcame knowledge boundaries.  I demonstrate that project-specific knowledge was only 
created when knowledge boundaries were overcome. I finish with a summary of the chapter. 
 
5.2 Overcoming interruptions: creating knowledge and knowledge flow 
To explore how knowledge was created in these collaborations, I set out to identify the 
knowledge boundaries that arose between agents and then how they overcame them. I used 
the occurrence of ‘interruptions’ to indicate the possible presence of knowledge boundaries, 
as described in Chapter Three. Interruptions occurred when agents were unable to continue 
their project work due to unexpected results, conflict of opinions about how to proceed or had 
reached the limits of their existing knowledge. Knowledge boundaries were taken as being 
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‘overcome’ when the team was able to re-commence their collaborative work, and agents 
perceived the project to be ‘back on course’ towards its planned innovation outcome.  
I begin this chapter by reporting on the four types of interruptions identified.  The first 
interruption type related to instances where knowledge boundaries were overcome, and new 
project-specific knowledge was created. I called these productive interruptions.  The second 
type of interruption occurred where, despite their best efforts, agents were not able to 
overcome the knowledge boundaries they encountered, and no new project-specific 
knowledge was created.  I called these unproductive interruptions. The third type of 
interruption occurred when a knowledge boundary that had previously been overcome re-
emerged.  These interruptions were overcome by re-creating the project-specific knowledge 
involved.  I called these reproductive interruptions.  Finally, some interruptions were caused 
by the constraining effects of framework practices.  When this type of interruption was 
resolved, no new project-specific knowledge was created.  I called these framework 
interruptions, to distinguish them from the types of interruptions involving knowledge 
boundaries.    
5.2.1 Productive interruption: Encountering a knowledge boundary and overcoming it 
An example of an interruption due to encountering a knowledge boundary was an 
interruption in the Platform Technology case caused by clinicians being unable to compare 
the MRS diagnostic data generated by the researchers with their own conventional clinical 
diagnoses. The researchers would enthusiastically present their MRS results to the project 
meeting but to their disappointment, the clinicians would not respond in equal measure, as 
they did not understand the significance of the new results. To overcome this knowledge 
boundary between researchers and clinicians, the scientists’ first response was to do what 
they were used to doing with other researchers: take the clinicians to the laboratory and show 
them the data and the data visualisations. The biophysicist, imaging technologist and the 
physicist took the radiographer and the surgeon directly from one such project meeting to 
gather around the computer monitor on the imaging technologist’s desk. The imaging 
technologist displayed data visualisations of the most recently collected MRS data and they 
began discussing what the visualisations meant and how to interpret them (Figure 5.1). Over 
following weeks, this heterogeneous group would repeat this developing practice, with 
clinicians dropping into the lab when they were nearby to catch up on “what the latest data 
looks like.” Over the course of several such discussions, clinicians became able to relate the 
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visualisations of newly generated MRS data to their own conventional diagnoses of cancer 
and so became able to compare the outputs of the two diagnostic practices, thus co-creating 
with the researchers the project-specific practice of Comparison of MRS and conventional 
diagnoses.  
 
 
Figure 5.1: Agents gathered around the visualisation of MRS data on the image technologist’s computer display, 
using it and dialogic means to overcome their knowledge boundaries.  
In this developing practice, the objects mediating the knowledge were the data visualisations. 
This type of data discussion often occurs in scientific cultures where data visualisations of 
complex concepts and experimental outcomes are used. The clinicians were unfamiliar with 
this practice, but they were used to looking at different types of data visualisations such as x-
rays, ultrasounds and MRI images in their clinical practices, so they were able to participate 
in this somewhat modified practice quite readily. In this context of multiple occupational-
specific practices, the visualisations prompted additional questioning and discussion between 
the clinicians, who had not previously encountered this complex type of visualisation. To and 
fro questioning and explaining ensued. While clinicians gained some understanding of the 
technology, the scientists in turn gained some understanding of what clinicians needed to 
understand for them to find the MRS diagnostic approach credible and to be able to envisage 
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themselves using it in their own clinical practice in the future. The result of these interactions 
was that a new project-specific practice was produced, with elements originating from both 
scientific and clinical occupation-specific practices. 
In this example, overcoming of the knowledge boundary was evidenced by agents being able 
to re-commence their collaborative work towards their objective. They overcame this 
knowledge boundary by co-developing new project-specific knowledge in the form of a 
project-specific practice (Comparison of MRS and Conventional diagnoses), adapted from a 
research occupation-specific practice, and project-specific objects (the MRS data 
visualisations) that mediated their different knowings. Together, these elements enabled the 
knowledge creation process to unfold further. By overcoming this particular knowledge 
boundary, agents began to better understand each other’s objects which enabled them to 
relate the new MRS data to the conventional diagnoses. This new project-specific knowledge 
was the basis of their subsequently developing the project-specific practice of manual 
diagnosis (described in the next chapter).  
5.2.2 Unproductive interruption: encountering a knowledge boundary and not overcoming 
it  
When knowledge boundaries were not overcome because the differences in practice giving 
rise to them had not been resolved, the interruptions recurred.  An example of such an 
instance involved participant selection criteria for the Application case.  Researchers wanted 
to identify a ‘clean’ cohort of participants, that is, those participants who exhibited only the 
symptoms of the MHC and wanted to exclude other participants who experienced co-
morbidities.  The researchers argued that this was the only way they could demonstrate 
unequivocally that their technique could diagnose the MHC.  The psychologist, on the other 
hand, argued that a ‘clean’ cohort of participants wasn’t theoretically possible because co-
morbidities always occurred, in varying levels of severity, along with the MHC: 
“I’ve told them time and time again that I don’t think that what they’re looking for is actually 
what they’ve got [that they don’t have what they’re looking for, the clean cohort].    
The researchers and the psychologist debated this issue intermittently at project meetings for 
several weeks, causing an interruption.  Because this issue was interfering with overall 
project development, the researchers went ahead, and selected participants diagnosed with the 
MHC but also suffering from co-morbidities. However, when the team came to discuss the 
results, the difference of views about the ‘clean’ cohort resurfaced and another interruption 
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resulted.  By the end of the study, no clear agreement had been reached.  Thus, the 
knowledge boundary between the researchers and the psychologist was not overcome and no 
new project-specific knowledge (e.g. an agreed set of selection criteria for the project-specific 
practice of participant selection) was created.  Because the knowledge boundary was not 
overcome, and the differences in practice remained, it recurred. The significance of this 
recurring knowledge boundary in the development of the project-specific practice of 
selecting, is discussed further in a following section. 
5.2.3 Reproductive interruption: Re-emergence of a previously overcome knowledge 
boundary 
In this section, I present two examples of knowledge boundaries that had previously been 
overcome, re-emerging and causing interruptions to the OI processes. The first example 
involves one of the team’s collaborating laboratories.  The Chief Investigator had worked 
there previously and while there, and the radiographers there had developed a robust MRS 
scanning practice that produced high quality data. When the Chief Investigator moved to 
another institution, this laboratory continued to collaborate and collect data for the 
development of the Platform technology. An interruption occurred when the Chief 
Radiographer of that laboratory also moved to another institution, and the quality of the data 
from that laboratory decreased over just a few months to become, in the words of the Chief 
Investigator, “unusable.”  This was a serious problem, as the Chief Investigator explained: 
“You know, when you develop classifiers, it’s garbage in, garbage out.  So, with all of these 
projects, I have to make sure that the data is absolutely as clean as possible so that we’re 
ending up with black and white classifiers.”  
To the professional embarrassment of the team, they had to call the participants and patients 
back in for re-scanning. Upon investigation of the cause for the decay in data quality, the 
imaging expert found that the remaining radiographers in the laboratory were not enacting the 
practice as it had been developed by the Chief Investigator and subsequently maintained by 
the Chief Radiographer: they had been adding and removing aspects of the practice according 
to their own judgement, some of which had been developed outside the project context. This 
example highlights the important work of maintaining the project-specific practice of MRS 
scanning, which had lapsed when the Chief Radiographer left the laboratory but remained 
unrecognised until the practice had decayed sufficiently to cause an interruption in another 
project-specific practice (Data Analysis). As knowledge boundaries arise from differences in 
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practice, this type of interruption can be interpreted as arising from differences between the 
previous MRS Scanning project-specific practice (itself established by overcoming a previous 
knowledge boundary) and the deviated MRS scanning project-specific practice. The fidelity 
of the project-specific practice of scanning at the partner laboratory was restored by the 
physicist visiting the laboratory and sitting with the radiographers there to check and adjust 
their scanning protocol back to the protocol the team had been using in this study. In this 
illustration, the knowledge created was not new to the project, but had been ‘transferred’ 
from the experienced researchers to the new researchers, that is, it had been re-created in the 
new context involving the new students.   
The second example involves interruptions resulting from the difficulties new PhD students 
experienced in reproducing data produced by previous PhD students. As the project spanned 
several years, earlier PhD students had completed their research and left the team and new 
PhD students had joined the team to carry on the research. One of the practices new PhD 
students engaged in to develop and test their research skills was the Reproduction of data (a 
researcher occupation-specific practice) by enacting the previously developed project-specific 
practices of MRS scanning and Data analysis. However, interruptions arose when new 
students were unable to replicate previous students’ results. The PhD students (previous and 
current) and their researcher supervisors overcame this knowledge boundary through dialogic 
means mediated by data visualisations (as discussed earlier in this section) through emails 
and video conferencing, if they were in different locations, and by sitting together if co-
located. As a result, the new PhD students became able to fine tune their enactment of these 
project-specific practices.  In this illustration, the enactment of the project-specific practice 
had lost fidelity because a relatively unskilled agent was attempting to enact it.  Although the 
new PhD students used the written protocols and discussed the practice with experienced 
agents, the exacting nature of this practice raised the subtle aspects not captured in the written 
protocol or spoken about with the experienced agents.  Once these subtleties had been 
identified, the new students were able to enact the project-specific practice faithfully and 
reproduce data successfully.  In this instance, the knowledge created was not new to the 
project, but had been ‘transferred’ from the experienced researchers to the new researchers, 
that is, it had been re-created in the new context involving the new students.   
Exploring these interruptions caused by the re-emergence of knowledge boundaries that had 
previously been overcome, shows that the differences in practice that give rise to knowledge 
boundaries can occur within knowledge domains as well as between knowledge domains.  In 
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the first example, the knowledge boundary re-emerged within the project team and involved 
only researchers.  Similarly, in the second example, the knowledge boundary re-emerged 
within the project and involved only researchers.  In both instances, the knowledge 
boundaries re-emerged due to emerging differences in practice. In the first illustration this 
was because of increasingly unfaithful reproductions of the project-specific practice over 
time, leading to increasing differences between the project-specific practice of MRS scanning 
as enacted in the partner laboratory compared with the central laboratory (site of this study).  
This finding highlights the important ‘taken-for-granted’ work of maintaining project-specific 
practices once established. The consequences only became visible when the knowledge 
boundary re-emerged and manifested as an interruption in a dependent project-specific 
practice.  In the second illustration, differences in practice arose because of the new agents 
joining the team.  These new PhD students shared occupation-specific practice with the other 
researchers, but not the project-specific practice developed within the project team.   In both 
instances, no new knowledge was created, but project-specific knowledge had to be re-
created in new ‘sites’ (the partner laboratory and the new PhD students, respectively).  This 
re-creation of knowledge in another site can be understood as knowledge ‘flow’, using OI 
terminology, between the central laboratory and the partner laboratory, and between 
experienced researchers and the new PhD students, respectively.  
5.2.4 Framework interruption: constraint of project-specific practices by framework 
practices  
The final type of interruption to the OI processes observed, involved constraining effects 
from framework practices, rather than epistemic differences within the teams. The first 
example involves attempts by the team to secure their own device for collecting MRS data. 
Sufficient funding was only available by partnering with a nearby hospital where the device 
would be housed and made available to the team for 50 per cent of the time. Difficulties in 
purchasing and housing the instrument, caused by the framework practices of Organisational 
approval, Procurement, Health and Safety approval, and Installation, resulted in a delay of 
more than 16 months before the instrument was in place and ready for commissioning. The 
reliance on external MRS devices in the meantime caused multiple additional interruptions 
while the team searched for time on devices around the country and had to modify available 
hardware to render it useable in their project-specific practices. So, while this series of 
interruptions did not involve knowledge boundaries arising from differences in practice, it 
had a dramatic constraining effect on the overall OI process by constraining the enactment of 
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the project-specific practices that constituted the project.  The eventual installation and 
commissioning of the device allowed the OI process to progress by providing agents with the 
materials and permissions that they required, but it did not create new practices, objects or 
capabilities and therefore did not create new project-specific knowledge. 
A second example of an interruption relating to framework practices is the ‘unexpected 
difficulty’ of transferring data between collaborating laboratories. This was caused by the 
different framework practices of Data formatting and Data storage at each institution. The 
physicist expressed his frustration at the several days’ interruption this caused: 
“On a project like this, you expect technical difficulties, but not like this. This is something we 
do all the time!”  
As in the previous example, once resolved, agents were able to recommence the OI process, 
but no new project-specific practices, project-specific objects or project-specific capabilities 
were created, and therefore, no new project-specific knowledge was created.   
The final example of this type of interruption is the regular periods of grant application 
writing that interrupted knowledge creation in the OI processes. This occupied the senior 
researchers on the team for weeks at a time and involved the PhD students to a lesser, but still 
considerable extent. While participating in a scan one Monday morning, one of the PhD 
student’s mobile phone kept ringing with a special tone. He didn’t answer it and his colleague 
asked him why. The student answered that he knew who it was, it was the Chief Investigator 
(CI). The CI had been calling him up all weekend about the grant, so the student had given 
the CI’s number a special ring tone so he would know not to answer it. While Grant 
application writing is a researcher occupation-specific practice, I have identified it in this 
context as a framework practice because it relates directly to the funding of not just the 
projects in this study, but also all of the other OI projects at the Institute. As in the previous 
examples, the framework practice of Grant application writing interrupted the OI process but 
did not create new project-specific knowledge. 
Together, these illustrations of the four types of interruptions observed, demonstrate that new 
project-specific knowledge was created when agents overcame interruptions due to 
knowledge boundaries (productive interruptions).  Where knowledge boundaries were not 
overcome, no new project-specific knowledge was created (unproductive interruptions).  
Project-specific knowledge was re-created in order to overcome knowledge boundaries that 
re-emerged after being initially overcome (reproductive interruptions).  Resolving 
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interruptions caused by framework practices constraining project-specific practices did not 
create new project-specific knowledge (framework interruptions).   A summary of the types 
of interruptions observed, the causes of the interruptions, the outcome of the interruptions and 
whether new project-specific knowledge was created, is set out in Table 5.1.   
 
Table 5.1:  Interruptions in the Application case: the type of interruption, the cause of interruption, the outcome 
of the interruption and whether any project-specific information was created.  Note that knowledge was only 
created when agents overcame knowledge boundaries. Where they did not overcome knowledge boundaries, or 
an interruption was caused by a framework practice constraining a project-specific practice, no knowledge was 
created. 
Type of Interruption 
(examples from above) 
Cause of interruption Outcome of 
interruption 
New project-
specific 
knowledge 
created? 
Productive 
e.g. comparing MRS data 
with conventional 
diagnosis 
Encountering 
knowledge boundary 
Knowledge boundary 
overcome 
Yes 
Unproductive 
e.g. the ‘clean’ cohort issue 
Encountering 
knowledge boundary 
Knowledge boundary 
not overcome 
No 
Reproductive 
e.g. decay in fidelity of re-
enactment of scanning 
practice at partner 
laboratory 
Re-emergence of 
differences in practice 
Recreation of 
previously existing 
project-specific 
knowledge  
No 
Framework 
e.g. purchasing and 
installing the new scanning 
device 
Framework practices 
constrain project-
specific practices 
General work-around 
solutions developed, 
not project-specific 
No 
 
 
As the focus of this thesis is on knowledge creation in OI processes, the next section looks in 
more detail at: how project-specific knowledge was created by examining a sequence of 
knowledge boundaries encountered in the Application case; how agents dealt with these 
boundaries; the nature of the outcomes with respect to the creation of project-specific 
knowledge. 
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5.3 Creating knowledge by overcoming successive knowledge boundaries  
The previous section showed that the teams created knowledge in instances when they were 
able to overcome their mutual knowledge boundaries. In this section I illustrate the ways in 
which agents overcame knowledge boundaries encountered in the Application case and how, 
by overcoming successive knowledge boundaries, they were able to cumulatively create new 
knowledge in the form of new and adapted project-specific practices, project-specific objects 
and capabilities. I also recount how in some instances, agents were not able to overcome 
knowledge boundaries and as a result, the interruption recurred. 
There were frequent interruptions due to knowledge boundaries. For example, there was a 
high turnover of psychologists due to epistemic tensions: the study began just after the first 
psychologist had resigned and the second psychologist was attempting to ‘come up to speed’ 
with the work. During the study the second psychologist resigned, and the team debated for 
months the strategy for recruiting a third. Even after the third psychologist joined the team, 
there was still epistemic tension (presented later in this chapter). The Manager of the 
Research Facility and the Manager of the CTU also resigned during the study, indicating the 
extent of conflict and frustration during this OI process. Some knowledge boundaries, 
thought to have been overcome, recurred, in some cases multiple times, as the OI process 
continued to unfold.  
The interruptions encountered by the team are set out in Table 5.2. Here, the interruption at 
the top of the table was the first encountered and interruptions follow each other down the 
table through time, as the OI process unfolded. I provide a brief description of each 
interruption, whether the knowledge boundary was overcome, and if so, how agents 
accomplished this, and the knowledge created by doing so. I also indicate the practices 
impacted by each interruption. In the cases for which the interruption was not resolved, I 
comment on how agents attempted to overcome it. 
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Table 5.2: Interruptions encountered in the Application case, summarizing whether the knowledge boundary was overcome, and if so, how agents accomplished this, and the 
knowledge created.  
Interruptions 
(in time sequence) 
Details 
 
Was  
knowledge 
boundary 
overcome? 
Project-
specific 
practices 
impacted 
How the knowledge boundary was overcome 
Project-specific knowledge 
created 
 
Lack of research 
procedures for the 
Master File. 
Setting up under the 
CTU jurisdiction 
Yes 
Recruiting, 
Selecting, 
Scanning 
Co-developed project-specific practices, based on 
thinly documented research practices (previously 
enacted but not inscribed in project procedures) 
 
New project-specific 
documented procedures for 
recruiting, selecting and 
scanning 
Trying to enact the 
recruitment and 
selection processes 
as planned 
Inclusion/exclusion 
criteria contested 
Yes Recruitment 
Co-developed new project-specific 
inclusion/exclusion criteria and adapted the CTU 
framework recruitment process.  Further adapted 
through enacting, interruption, self-distanciation. 
New project-specific practice of 
recruiting 
 
 
Problem with 
selection- 
psychological 
assessment required 
and overseen by 
psychologist 
Yes Selection 
Adapted CTU framework practice caused conflict 
with psychologist.  
Resolved dialogically, adapted the revised process 
further, incorporating the psychological requirements 
into the procedure. 
New project-specific 
psychological assessment 
 
Further adapted project-specific 
selection practice 
 
Psychologist 
concerned over 
volunteers getting a 
mental health record- 
could impact their 
ability to obtain 
insurance 
Yes Recruitment 
Resolved dialogically between the psychologist, the 
project leader, senior clinician and CTU.  
Recruitment practice further adapted to advise 
participants of this risk involved in participating. 
Further adapted participant 
advice notification form 
 
Further modifications to 
recruitment practice 
  
Shouting match 
between nurse and 
facility manager 
over cancelled 
sessions and 
reduced scanning 
time 
Hospital 
radiographers 
refusing to be 
rostered to project 
Yes Scanning 
Extensive dialogue between researchers and facility 
manager over several months 
 
Facility manager created new administrative 
coordinator position and new equipment booking 
practice (framework practice) 
 
Clinical director adapted  rostering practice to allow 
continuity with radiographers (framework practice) 
New administrator 
 
New booking practice 
(framework practice) 
 
Adapted rostering practice 
(framework practice) 
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Trying to 
accelerate 
recruitment process 
Recruiting from 
Institute staff 
 
Yes Recruiting 
Adverse event occurred, escalated to senior 
management, agents adapted recruitment practice 
  
Recruitment process with 
additional adaptations 
 
 
Conflict between 
accelerating 
recruitment process 
and Psychological 
assessment 
Yes Selection 
Dialogically resolved between the psychologist and 
the nurse manager.  Selection practice adapted 
further to explicitly recognise the dependence of 
participant availability on psychological assessment 
Selection practice with 
additional adaptations 
 
Second 
Psychologist 
resigned 
Ongoing conflict 
precipitated the 
resignation, extended 
discussions over 
several months about 
replacement 
 
No 
 
Episodes of 
apparent 
overcoming, 
then conflict 
over 
differences 
repeatedly 
resurfaced 
 
 
Selection, 
Scanning and 
Manual 
Diagnosis 
Knowledge boundary not overcome. 
 
Attempts to overcome it included: 
recruiting a new psychologist 
 
Varying the selection criteria- e.g. part time, student 
psychologist, research psychologist vs clinical 
psychologist 
 
Third psychologist recruited had experience with 
MHC patients and the second psychologist assisted 
the third psychologist in her free time 
No knowledge created 
Scanning stopped 
to discuss selection 
criteria- the 'clean 
cohort' 
Researchers wanted 
to select participants 
who only had the 
MHC, but the MHC 
almost always 
occurred with other 
health conditions 
No 
 
Episodes of 
apparent 
overcoming- 
increasingly 
refined 
selection 
criteria- 
inclusion/excl
usion 
Selection, 
Scanning and 
Manual 
Diagnosis 
 
 
 
 
Knowledge boundary not overcome. 
 
Attempts to overcome it included: 
dialogic means 
 
No resolution 4 months after appointment of third 
psychologist 
 
  
No knowledge created 
 
Researchers learned more about 
the MHC for future 
incorporation in envisaged 
diagnostic practice, but not 
embedded in project-specific 
practices during the  study 
Researchers 
wanting to 
determine the 
extent of MHC in 
addition to whether 
or not it was 
present. 
As new knowledge 
was created, 
researchers pushed 
for greater capability 
than initially 
envisaged, beyond 
the traditional 
No.   
 
Further 
interruptions 
Selection, 
Scanning and 
Manual 
Diagnosis 
Knowledge boundary not overcome. 
 
Attempts to overcome it included: 
Dialogic means 
 
Attempts to overcome it included: dialogic means 
 
No 
 
Didn't result in any modified 
practices or objects- talk about 
modifying selection criteria but 
not enacted 
 
 
129 
 
psychological 
practice which was 
used to develop the 
manual diagnosis 
practice 
 
Confusion between 
the old and new 
MHC assessment 
instruments 
Researchers 
concerned that their 
MHC data did not 
correlate with data 
published by others 
Yes 
Manual 
diagnosis 
Researchers requested occupational knowing from  
psychologist and they shared it dialogically 
Team's data was shown to be 
correct and could be compared 
with other researchers' data, 
incorporated into an amended 
Manual diagnosis practice. 
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To describe in detail how agents overcame the knowledge boundaries involved, I present how 
this set of interruptions were overcome from the perspective of the project-specific practices 
that they impacted. I describe how agents overcame knowledge boundaries by drawing on 
their own and each other’s occupational practices and existing project-specific practices; how 
knowledge that was created when each knowledge boundary was overcome accumulated over 
time; and how interruptions in the OI process sometimes affected the development of 
multiple practices. In the next section, I set out the development of the project-specific 
practices of Recruiting, Selecting, Scanning and Manual Diagnosis, in order to re-present the 
complex network of project-specific practices, occupation-specific practices and framework 
practices enacted in the study. In doing so, I have attempted to illustrate how the overall OI 
process was shaped by the complex interplay between the three types of practices. The 
project-specific practices of Recruiting, Selecting and Scanning can be understood as sub-
practices of the overarching project-specific practice of Diagnosis of the MHC (the 
innovation) that was being developed during the study. 
5.3.1 The project-specific practice of recruiting 
The last section uses examples from the cases to illustrate how knowledge was created when 
a knowledge boundary was overcome. In the cases where the knowledge boundary was not 
overcome, no new knowledge was created. For other types of interruptions not involving 
knowledge boundaries, no knowledge was created when the interruption was resolved  
The CTU recruiting framework process was used as the starting point for the project-specific 
practice through which participants would be recruited for the Application case. These 
processes were in use for clinical trials at the CTU, a significantly different context from the 
Application case, and so needed significant adaptation. As a first step towards creating these 
practices for the Application case, the nurse and nurse manager were tasked by the surgeon to 
modify the CTU processes based on their expectations of the requirements for this case. 
There were two productive interruptions to the adaptation of the CTU recruitment practice to 
the Application project: the concern over participants acquiring a mental health record, and 
ethical complications resulting from the source of recruits. 
The first interruption arose when the psychologist raised ethical concerns that volunteer 
participants would automatically acquire a hospital mental health record as part of the CTU 
recruitment practice (Table 5.2), as the CTU was organisationally part of Hospital A. This 
practice was well suited to the hospital context but could cause problems for participants in 
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the Application case, who were participants rather than patients. Participants would acquire a 
mental health record, which would impact their ability to purchase medical and life insurance 
as in Australia pre-existing mental health conditions may lead insurers to impose either a 
higher premium or to refuse to insure the individual. As the team did not intend to 
disadvantage participants whose intent was to help research into the MHC, the team leader 
met with the hospital representative to request waiving the creation of a hospital record. 
However, for the hospital, this requirement was not negotiable and in order to continue 
recruiting participants, the team had to modify the recruitment procedure to include 
notification to participants about the obligatory creation of a mental health record and to 
allow them to opt out of the study if they wished. Fortunately for the work, participants 
usually had a close relative or friend who was affected by the MHC and were highly 
motivated to participate despite gaining a mental health record themselves. This interruption 
was due to a knowledge boundary between the clinician whose practices involved mental 
health issues and the rest of the team, whose practices did not. The knowledge boundary was 
overcome by the psychologist and the nurse manager modifying the CTU recruitment 
procedure that informed the creation of the project-specific recruitment practice. The new 
project-specific knowledge created was inscribed in the modified recruitment procedure (the 
modified project-specific object) and embedded in the developing project-specific 
Recruitment practice. 
The second interruption arose as a result of the team’s response to competitive pressure from 
a rival research team who were about to publish competing work. At a weekly project 
meeting, the team leader asked agents to increase the number of recruits by inviting staff at 
the Research Centre to volunteer (Table 5.2). The psychologist expressed significant concern 
at this: 
“Hang on, hang on, I’m worried about the ethics of that…This is totally fundamental within 
my code of ethics [as a Psychologist practicing in Australia] that you avoid creating dual 
relationships wherever you can because confidentiality is much harder to preserve within 
dual relationships.’ 
However, with the competitive pressure, the team ignored that advice and decided to recruit 
from staff. Within 24 hours of that decision, an interruption occurred. Psychological 
assessment of one of the volunteers had exposed mental health issues that, ethically, had to be 
reported, stopping the work. The psychologist was in a difficult situation: 
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“I had to deal with it, and it was very worrying to me because that kind of thing always is, 
and it is really important to take action. I know how to deal with it in a clinical setting. I 
didn’t know how to deal with it when the person was my colleague.” 
In this case, the psychologist approached a senior researcher for advice rather than the senior 
clinician (as a result of a previous unsuccessful approach, reported later in this chapter). He 
responded immediately, with the psychologist commenting: 
“[Senior researcher] was the last person I would have expected was brilliantly supportive…he 
sat there and thought it through with me…it raised him in my estimation, and I think that 
made us get on much better ever after… He turned around at the end [to the team] and said 
“[Psychologist] was right”.” 
After this interruption, the team agreed not to recruit from staff. This interruption was caused 
by a knowledge boundary arising between the clinician whose practices dealt with mental 
health issues and the remainder of the team whose practices did not. The knowledge 
boundary was overcome by further developing the project-specific Recruitment procedure to 
rule out the recruitment of staff as participants. This new project-specific knowing was 
inscribed in the revised Recruitment Procedure and embedded in the emerging recruitment 
project-specific practice.  
5.3.2 The project-specific practice of selecting 
The CTU selection framework practice was used as the starting point for the project-specific 
practice through which participants would be selected for the Application case. Adaptation of 
the CTU selection practice involved three ‘productive’ interruptions through which 
increments of knowledge were created: concern over the selection practice being unsuitable 
for the MHC, differing views about the inclusion-exclusion criteria for selection and 
difficulties encountered in the selection process when the recruitment process was accelerated 
(Table 5.2). Development of the project-specific practice of Selecting also involved three 
‘unproductive’ interruptions that were not fully resolved and during which no new knowledge 
was created. These unproductive interruptions were the psychologist resigning, concerns 
about a fundamental theoretical construct of the work, the ‘clean cohort’ (reported earlier in 
this chapter), and the possibility of extending the capability of the project-specific knowledge 
creation beyond its initial scope to diagnose the extent of the MHC rather than only whether 
or not it was present (Table 5.2). These unproductive interruptions also impacted the creation 
of other project-specific practices (the scanning and the manual diagnosis practices) and these 
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are discussed later in this chapter. I now describe the three productive interruptions in the 
development of the Selecting project-specific practice. 
5.3.2.1 Protocol unsuitability  
This interruption was marked by a heated clash between participants at a weekly meeting 
when the research nurse presented the modified selection process. The psychologist, hearing 
about this work for the first time, was shocked that the protocols to screen for the MHC had 
been prepared without her input and were to be administered by the research nurse. The 
psychologist asserted that the selection process needed to be rewritten as it was in fact a 
psychological assessment that had to be administered by a psychologist (Table 5.2). The 
psychologist’s concerns were met with resistance from the research nurse: 
‘This is just like a pre-admission protocol…this is a part of a nursing description.’  
and by the senior clinical team member: 
‘This is just standard nursing care. This is how we do things.’  
And to the psychologist ‘I think you’re just making this harder than it needs to be.’ 
The discussion was terminated by the senior clinical person who instructed the psychologist 
to go away and sort out the problem. 
At interview, the psychologist reflected on the clash: 
“I was blindsided by it because partly I thought, ‘Well, yeah, we could just do that’ and then 
I thought, ‘Well, hang on, that is just totally not how we assess mental health’. How we 
assess mental health is what I do in my job every day.” 
And added:  
 “We’re [the research nurse and psychologist] probably the closest together [from a 
discipline perspective] in terms of the team so …I had to go away and really think what the 
hell just went on there and write an email9 to [the research nurse] and explain that it wasn’t 
how we assess mental health. I had to think hard about ‘well why did [research nurse] think 
we could just do things that way?’ And I had to think, even to myself, ‘why do we do things 
that way?’” 
 
9 Face to face dialogue was not possible as at that time; the psychologist and nurse were at different sites. 
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Over the following weeks the psychologist met once with the senior clinician and several 
times, face to face, with the research nurse. The psychologist’s meeting with the senior 
clinician did not go well: 
“[Senior clinician] found it very difficult and I remember [senior clinician] saying to me, 
‘You’re just making things complicated’. Perhaps this was a more medical way of thinking 
and I remember finding that very, very difficult because actually it is something that is 
levelled at psychologists a lot” 
However, the psychologist persisted in her efforts to resolve the issue by meeting several 
times with the research nurse. At interview, she recounted how, in her discussions with the 
research nurse, she had compared diagnosing a bodily injury or disease with diagnosing a 
mental health problem: a nurse can ask the patient where their arm hurts or can order 
pathology tests to check if a lesion is malignant, whereas a psychologist has to ‘run tests’ by 
conducting in-depth interviews. Over the course of several meetings, side by side at the 
research nurse’s desk, the research nurse and psychologist re-wrote the procedures  in a 
suitable form, appropriate for recruiting and screening the MHC participants. The 
psychologist reflected: 
 “We were both able to be reflective enough to think about what had happened and think 
about what was needed for the research and I think thereafter, it was resolved fairly 
quickly.” 
The knowledge boundary emerged between the psychologist, whose practices involved the 
conceptual object of mental health, and the rest of the team whose practices involved physical 
objects. The nurse had attempted (at the direction of the senior clinician) to enact her own 
occupation-specific practices in the project context, which was significantly different from it. 
However, attempting to do so in the Application case context caused problems, revealing 
previously unrecognised differences in practice and the objects involved in those practices, 
indicating a knowledge boundary. This interruption prompted agents to self-distanciate 
(Tsoukas, 2009) and engage in an effortful series of dialogical interactions in which they 
examined their occupation-specific practices, and drew on relevant and potentially useful 
aspects, to overcome the knowledge boundary arising from their differences in practice. They 
then co-created a new project-specific practice using the selected elements as a basis, which 
enabled the Application OI process to move forward. The knowledge boundary was 
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overcome by agents co-creating a new project-specific practice, (the modified project-
specific practice of Selecting) in which the new project-specific knowledge was embedded.  
5.3.2.2 Inclusion-exclusion criteria 
The second interruption was less emotionally charged. It manifested as a series of 
interruptions over 2-3 weeks, which prevented the selection of participants. The project-
specific selection practice being developed (from the CTU framework practice of selection) 
used “inclusion-exclusion” criteria which were encoded in a worksheet that the nurse used 
when selecting participants. It articulated the requirements for participants including age, 
gender, health, smoking and drinking habits. The psychologist had modified the initial list of 
inclusion-exclusion criteria drawn up by the nurse to include requirements regarding 
participants’ mental health, but at several weekly meetings, over 4-6 months, researchers 
challenged these requirements and argued for additional mental health requirements as their 
understanding of the nature of the MHC grew.  This resulted in what the psychologist called 
‘shifting goal posts’. This was very frustrating for the psychologist: 
“If you know exactly what research questions you’re going to ask before you do a piece of 
research …then you know everything you’ve got to collect. You’re not going to come back 
later and say, “Wouldn’t it be interesting to consider [participant behaviour]10? Did we ask 
them? Oh, how funny we didn’t.” 
 
The knowledge boundary giving rise to this interruption was not overcome during the study.  
As a result, this knowledge boundary resurfaced repeatedly.   
5.3.2.3 Attempting to accelerate the enactment of the selecting practice 
The third interruption also became evident at a weekly project meeting and was a flow-on 
effect of the team’s efforts to accelerate participant recruitment, in response to competitive 
pressure imposed by a rival research team, described earlier in this chapter. The research 
nurse responded to this directive by implementing a practice she was very familiar with when 
faced with ‘getting more people through’ in her occupation-specific hospital context: she 
increased the number of participants scheduled for screening each day. At a regular meeting 
she explained: 
 
10 Specific behaviour not quoted to preserve nature of the MHC and the confidentiality of the identity of the 
research team involved. 
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 ‘I can’t see a problem with this because [psychologist] is only seeing a couple of people a 
day.’  
This, from the research nurse’s perspective, was a very light workload. The psychologist 
thought differently and exclaimed:  
‘Oh no, not again. I thought we had worked through this.’  
After the meeting, the psychologist wrote a long email to the research nurse, explaining why 
this was a problem. The screening interviews were in-depth and could take up to 3 hours if 
the person was severely affected by the MHC and, in addition, the length of interviews could 
not be predicted and scheduling tightly was not a practical solution. The psychologist 
acknowledged the scheduling difficulty and the need for more participants but held firm to 
her interview schedule, as she believed that she had a professional ethical duty to the 
participants to administer ‘proper’ interviews.  
At the next meeting, the nurse reported on progress while the psychologist was elsewhere, 
conducting interviews. The nurse reported that they were doing their best to work through the 
participants, but they were still running behind. She commented that they would be in a better 
position if it were not for the ‘questionable work ethic of some people’, delivered with a 
meaningful look around the meeting. The nurse was committed to the project and was upset 
that the psychologist appeared not to be. These different views of what constituted good 
practice illustrated the mismatch between the occupation-specific practices of patient 
scheduling for standard medical testing and for psychological assessment. Two weeks after 
this, the psychologist announced her resignation, causing further delays to the work.  
While overcoming the knowledge boundary between the research nurse and the psychologist 
(both clinicians, but enacting different practices with different objects) did produce new 
knowledge (manifested as the revised selection procedure and the further developed practice 
of Selection) this example illustrates how further modifications to delicate, not yet robust 
‘practices-in-the-making’ exposed underlying incompatibilities in practices and expectations, 
stressing the tentative practices being put in place such that an interruption resulted. In this 
case, this interruption precipitated a more extensive interruption – the psychologist’s 
resignation – in effect re-surfacing a knowledge boundary that had not been successfully 
resolved. The team responded by planning to recruit a third psychologist. 
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5.3.3 The project-specific practice of scanning 
Agents could not begin creating the scanning practice until they had recruited and selected 
participants to scan, illustrating the dependence of the creation of the scanning practice on the 
practices of selecting and recruiting, which were concurrently being created. I describe here 
two productive interruptions due to knowledge boundaries during the creation of the project-
specific practice of Scanning: the request for ‘research procedures’ and the cancellations of 
times available to the researchers on the MRS device. The other unproductive interruptions 
that affected the development of this practice are discussed in the section describing the 
development of the project-specific practice of manual diagnosis. 
5.3.3.1 Research procedures 
The first interruption observed in the creation of the project-specific practice of Scanning was 
initiated by a request from the CTU manager for the “research procedures for Scanning that 
the team had been using,” for collating into the Procedures Manual being assembled by the 
CTU in their role as the governing organisation. CTU managers had expected that the 
research procedures would be like their clinical procedures, neatly written up in a 
standardised form. However, the research procedure for the Application case did not exist at 
that time, and the procedure they were planning on adapting from the Platform Technology to 
create the new scanning practice only existed in researchers’ minds, on fragments of paper 
and in files in various locations. So, the researchers responded by encoding the project- 
specific knowing from the Platform Technology into the standard procedures required by the 
CTU as a starting point. This interruption prompted the inscription of knowledge into a new 
project-specific object (Platform Technology research procedures) and was thus an 
incremental creation of project-specific knowledge.  
5.3.3.2 Cancellations of time on the device 
Once participants had been selected, the team also needed to secure time on the device and 
the allocation of radiographers to operate it. The device was housed at a collaborative 
research facility under the management of one of the hospitals involved in the project. The 
Facility was a purpose-built collaboration space: it was neither a research space nor a clinical 
space. Researchers and clinicians had to make the trip from their usual place of work to the 
Facility to work together on this project. Time on the device had to be approved, and 
radiographers had to be rostered to operate the device to scan the participants. While this 
arrangement seemed superficially straightforward, differences between researcher 
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occupation-specific practices and clinician occupation-specific practices caused interruptions 
that were time-consuming and difficult to resolve. The manner in which agents managed to 
resolve the interruption provided valuable insights into the complexities of the knowledge 
boundaries arising between researchers and clinicians and the role of framework practices in 
affecting the OI process. 
The first manifestation of a problem was the extended and intense conflict between the nurse 
manager and the facility manager. This conflict took the form of the nurse manager and the 
facility manager shouting at each other during heated phone conversations (talked about in 
the shared work area), the facility manager cancelling previously booked sessions on the 
device at short notice (observed in the shared work area), which meant that the nurse manager 
had to cancel and reschedule volunteer participants, and repeated frustrated discussion of the 
situation at team meetings over several weeks. To re-create how the interruption and its 
resolution unfolded, I begin by describing the context of the interruption in terms of the 
device (the central object), and the contrasting practices enacted by the researchers and the 
radiographers involving the device, before discussing the interruption and how agents 
managed to resolve it and create new project-specific knowledge in the process of doing so. 
The Device. The device used in this study had the highest magnetic field strength available. It 
was a commercial instrument and was equipped with built in ‘presets’ (algorithms that 
instruct the device to create specific tailored sequences of magnetic pulses for standard 
clinical scans). The researchers had deactivated these to achieve the conditions required for 
the experimental scans. As researchers are not allowed by the regulations of the hospital to 
operate MRI devices, the team needed radiographers to operate the device for them. The MRI 
device was operated by radiographers from the hospital’s Radiology Department, rostered on 
to shifts at the Facility. The radiographers who operated the MRI device for these clinical 
trials were skilled in running standard clinical scans of hospital patients. For this novel work 
they had to ask the researchers what the test scan requirements were and then, together, work 
out how to operate the MRI device to deliver the best possible scan data under experimental 
conditions.  
Radiographer practice involving the device. Radiographers explained to me that they have 
established occupation-specific practices which they enact using standardised MRI devices. 
There is a suite of standard scans that they are trained to perform using this equipment. In 
normal clinical scanning practice, they place the patient in the machine, instruct the patient 
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how to position and hold their bodies and then the radiographer operates the equipment from 
the control room, outside the device room. The equipment is in high demand and it is the 
hospital administrator’s job to get as many patients as possible scanned each day. One 
radiographer said: 
‘You get used to pushing patients through like a sausage factory.’ 
Radiographers are very careful in their operation of MRI scanners. The devices are very 
expensive, sensitive, and if they get broken or malfunction, it takes weeks to fix them, 
pushing waiting lists out even further. In their clinical practice, who is in charge is 
understood. If the radiographer encounters a problem, they take it to their radiologist (medical 
doctor specialising in radiological instruments including the MRI). It is always clear who 
they can talk to, to resolve any issues. The radiographers believed that this clinical hierarchy 
was there to support the staff and make sure that the patient gets the best outcome. In 
addition, radiographers freely share their occupation-specific knowledge with fellow 
radiographers at their own and other hospitals. They often draw on this network to help them 
deal with technical challenges such as software upgrades to the device operating systems. 
Researcher practice involving the device. The researchers all had experience with MRI 
scanners before engaging in these OI processes, either on a laboratory scale device for 
biopsies, or a modified clinical device, but none had performed routine scans as do 
radiographers. Their occupation-specific practice with MRI devices had involved testing 
ideas and challenging the machine to operate at the edge of its specifications, to test their 
concept-based reasoning about scanner performance, rather than enacting well-specified 
practices that they re-enacted faithfully day after day. Researchers explained that they had 
tentative operating practices, which they were continually developing. One of the researchers 
reflected on a researcher’s relationship with a scanner, compared to that of a radiographer: 
“As a patient, you wouldn’t want them (clinicians) to be taking risks. Whereas a university 
is…you discover new knowledge…it’s by nature…research, you have to take risks. Their 
whole way of thinking is very much about the service delivery, guaranteeing that on day one 
it’s going to work, and it keeps working. You don’t push the instrument beyond its limits 
because it might break, and you get a whole lot of down time. The down time is something 
that the hospital is always working against. There’s a three-month waiting list at the moment 
for an MRI.” 
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In contrast, the researcher’s practices involving an MRI scanner focus on its possible 
capabilities, rather than its designed clinical operating window, as explained by the Physicist: 
Whereas the university says, let’s push it, let’s see what we can get out of it. If we break it, 
well, it’s down for a week while we fix it. We blew up the [MRI hardware components] over 
at the university last year by pushing very, very hard. We got some great results out of them 
and they were down for two weeks. Now with the hospital that’s a big problem because they 
have…their KPI is reliability and consistency whereas the university’s KPI is new 
knowledge, going to the limits. If you’re going to push to the limits, you have to be prepared 
to take a risk…occasionally you’re going to push through the limit and break it!” 
These descriptions of the differences between radiographer and researcher practices involving 
the MRI device provide important insights into the origin of the knowledge boundary 
between them as arising from their differences in practice involving the device.  
The access problem. The interruption caused by the difficulty accessing the device resulted 
in an interruption of several weeks. The device available belonged to a Facility under an 
external jurisdiction. The team had secured a time commitment in principle, but when 
attempting to enact the agreement, encountered extensive, recurring interruptions in the form 
of cancelled bookings, and reduced times available. The interruption originated from clashes 
between the practices of researchers and clinicians and the framework practices of the 
Facility and was resolved by developing a new framework practice involving a new 
administrative role.  
The framework practices of the Facility allowed time on the device to be allocated by its 
Research Committee to the various research projects of Facility members. The Facility would 
then request radiographers from the hospital that shared the site with the Facility, to operate 
the devices housed in the Facility. The assigned radiographers would sit with the researchers 
at the device control panel and operate the devices for them according to their research 
requirements. However, this process did not play out smoothly due to the researcher-clinician 
knowledge boundaries that arose. The Director of Radiology Operations, who was 
accountable for assigning radiographers from the hospital to the facility, explained the 
difficulties he encountered in rostering radiographers to this project: 
“I cycle the radiographers through the Facility for experience. Some of them have said that 
they’re not available for rosters there. They refuse to go there. They hate it. They don’t like 
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working with researchers because they don’t like the conflict that happens when researchers 
are involved.” 
He went on to explain that unlike clinical radiographer practice, where problem escalation 
practice is well defined,  
“In translation teams [clinicians and researchers], they can go round and round, for ages, 
weeks”, 
and that  
“who gets the final call depends on the power differential.”  
This sometimes meant seeking legal advice on the contracts that had been drawn up between 
the Facility and its participants, but more frequently involved unresolved personal conflict. In 
these teams, where there was no established hierarchy, it was not obvious who was in charge 
and the Director said that ‘professional friction’ arises. MRS scans need to be done using 
specific protocols, that is, specific field strengths focused at specific positions on the 
participants’ bodies for specific times, in a specific sequence. If they are done out of order, or 
if any step is not done precisely, then the whole sequence has to be repeated. The Director of 
Radiology Operations went on to explain that disagreements frequently arose about which 
protocol should be followed and what constituted a ‘good’ scan. Because there was not a 
clear leader, these discussions could drag on and cause intense frustration. This conflict led to 
radiographer roster refusals, shortfalls in rostered radiographers and cancelled time slots on 
the device. 
One of the rostered radiographers confirmed this understanding of the situation, describing 
his reaction to being rostered to the facility for research scans: 
“You go- oh no, it’s a research one. They always take much longer. The standard scans just 
go more smoothly.” 
Conflict between researchers and radiographers was not unique to the Application case. The 
Director of Radiology spoke of conflict between researchers and radiographers being 
widespread across the research projects underway at the Facility. He described how the 
Facility had eventually managed to overcome the problem of “researchers annoying the 
clinicians all the time” by creating a new administrative coordinator role specifically to 
function as a buffer between researchers and clinicians. This coordinator was a professional 
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administrator with her own occupation-specific administrative practices and thus provided a 
‘neutral’ liaison person through whom researchers and clinicians could interact.  
The situation was further resolved by the researchers in this study finding, through informal 
conversations, three radiographers who were excited at being involved in developmental 
work to “create something new”. The researchers requested that these researchers be assigned 
to them for their sessions. Once they were able to work with the administrative coordinator to 
arrange this, the scanning practice development was able to unfold without further 
interruptions due to differences in occupation-specific practices. The co-creation of the 
project-specific practice of Scanning therefore was not able to proceed until the material 
circumstances required, namely access to the device and radiographers to operate it, became 
available to the team. This was accomplished by the Facility creating a new framework 
practice (device booking) and a new object (administrative coordinator role) that benefited all 
of the research projects being conducted there. In this instance, knowledge was created, but it 
was not project-specific knowledge. 
5.3.4 The project-specific practice of manual diagnosis 
The creation of the project-specific practice of manual diagnosis was impacted by four 
interruptions: the resignation of the psychologist; concerns about the ‘clean cohort’; attempts 
to extend the MRS capability from detection of presence or absence of the MHC to 
quantifying its extent; and, finally, confusion about a psychological assessment scale. The 
first three of these interruptions did not produce tangible knowledge increments, whereas the 
last interruption did. Each of these interruptions is described below.  
5.3.4.1 Resignation of psychologist 
Whereas agents could draw on practices developed for the Platform Technology for most of 
the other project-specific practices, this was not possible for the practice of manual diagnosis 
in the Application case. The team had to rely on the psychologist’s occupation-specific 
practice of traditional diagnosis of the MHC in order to map the participants’ conventional 
diagnosis to their diagnosis using experimental MRS data. That is why the ongoing epistemic 
conflict between the psychologists and the rest of the team was so significant. As reported in 
the case description (Chapter 3), a psychologist had already resigned from the team at the 
beginning of this study and the second psychologist resigned during the study. While the 
second psychologist’s resignation affected the creation of the Selecting and Scanning 
practices, its main impact was on the project-specific practice of Manual Diagnosis.  
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The second psychologist, whose occupation-specific practices had involved the MHC in 
previous work, joined the team after the first psychologist had resigned in difficult 
circumstances. She explained how this complicated the work: 
“I actually was forbidden really, by HR and anyone else to contact that psychologist. So that 
was a huge shame. It was a huge shame for the project because one of the things they asked 
me, for example at my interview, is what is the rater reliability of the assessments that I’m 
using is… rater reliability depends a bit on the raters talking and discussing how they rate 
[an occupation-specific practice]. And if you can’t even ever discuss that with the previous 
rater you haven’t got a chance, really.” 
Other agents in the team weren’t able to answer her questions either, so she had to work out 
what had been done by the previous psychologist by 
 
“Finding everything I could to read early on and gleaning from it as best I could what had 
happened in the past, asking people endlessly, emailing endlessly.” 
She even found it difficult to ascertain why she had been recruited: 
“When I started the job, I spent a lot of time, which is somehow, it feels really hard to 
account for just trying to understand the project because it is so complicated. And nobody 
was able to really tell me about it, and in particular to tell me about what psychological input 
they wanted.” 
 
This initial difficulty was compounded by the psychologist’s different perspective of 
developing a physical means of diagnosing the MHC: 
“I want to know how will that help me help the person. I’m happy with any evidence you can 
give me that helps me help the person. If you tell me this from your scanning these [name of 
chemical compounds used to detect the MHC], so what does that mean for what I need to 
focus on and how to help the person get better? Wonderful, but if it doesn’t mean anything 
for intervention, then to me I’m really not interested, because I’m interested in helping people 
get better.” 
The psychologist’s frustrations grew: 
“They don’t appreciate the difficulties of how complex mental health disorders can be” 
and 
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“Time and time again I’m asked to provide them with what they call a clean MHC sample, so 
what they mean is somebody who has MHC in isolation of any other mental health disorders. 
Now, that doesn’t exist! So, they’re asking for people who don’t have problems with alcohol, 
who don’t have depression, who don’t have anxiety. They’re all co-existing”.  
The second psychologist was involved in the conflict around the creation of the project-
specific practices of Recruitment and Selection also, as described above. In addition, working 
across these knowledge boundaries was emotionally exhausting: 
“I was having to explain all this as if it was from scratch, A, B, C to people who weren’t 
familiar with it. Whereas if I worked within my own profession, it would all go without 
saying. Other people would totally understand where you were at and would only need to say 
about two words about what would happen.” 
The cumulative frustrations she experienced led to her decision to resign. 
After the second psychologist’s resignation, there was a protracted period during which the 
team discussed recruitment and selection criteria for the new psychologist. They considered 
options of full time and part time roles, a student psychologist and a research psychologist, 
and eventually recruited a young psychologist whose occupation-specific practice had 
involved patients suffering from the MHC in the same sector as the organisation participating 
in the Application case.  The second psychologist reached out to the third psychologist to 
help, as recounted by the third psychologist: 
“If it weren’t for her this would have just been a complete mess. She wasn’t getting paid by 
[name of Research Centre] to do my handover; she had already ceased to be an employee. 
She did it because she, when she walked into the job, it was a cluster11. She didn’t know what 
to do so she made sure that my transition was not going to be as painful so that was really 
helpful.” 
The third psychologist also experienced significant ‘culture shock’ on joining the team: 
“I wasn’t prepared for the entire shift in culture that I experienced or am experiencing, going 
from a group of clinicians to a group of researchers, it’s very different.”  
And 
 
11 ‘cluster’ is an Australian colloquialism for a state of total disorder. 
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“I feel like, as a clinician, I’m a second-class citizen.” 
She recounted how, at a meeting, the team leader, while briefing the team about an upcoming 
presentation, said of clinicians: 
“Now remember, these people are clinicians, so it’s like talking to a really smart eight-year-
old.”  
She also felt that her work in the Application case project conflicted with her occupational 
priorities: 
“It’s [the work] not person-focused anymore, it’s money focused, it’s time focused and it’s 
about what we can gain from this rather than what a person could gain. That’s a huge 
different end focus for me.”  
In addition, she commented that  
“I feel like everybody talks in ideas and nobody does solutions’ 
This example illustrates the high level of frustration and emotional involvement associated 
with the underlying knowledge boundary between agents whose occupation-specific practices 
involved physical objects and the psychologist whose occupation-specific practices involved 
a conceptual object (mental health). Despite significant effort, this knowledge boundary was 
not overcome during the study, so no new project-specific knowledge was produced. 
5.3.4.2 The ‘clean cohort’ 
The team needed to be able to unequivocally detect the MHC, so they planned to recruit 
participants with the MHC and participants without the MHC. While it was possible to 
clearly identify people without the MHC, it was more complicated to identify people who 
only had the MHC and no other mental health issues (the ‘clean cohort’). The researchers had 
begun the work knowing that this was going to be difficult, but they believed that it was 
theoretically possible, so they kept trying. However, the psychologist believed that the 
nuances of the MHC might prevent the team ever obtaining a ‘clean cohort’.  
I’ve brought up numerous times that there are heaps of co-morbidities12 … and everyone in 
the team says yep, yep, yep. Then when they present their data, they still talk about this ‘clean 
sample’.” 
 
12 Health conditions that occur along with the MHC 
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However, scanning went on without this issue being resolved. The psychologist decided to do 
what she could to make sure that the team’s work progressed, and that they would be able to 
re-analyse data later for greater clarity: 
“I’ve been writing down everywhere if somebody has double diagnoses [other conditions 
along with the MHC] or whatever and it’s all in my notes and presented at team meetings but 
they’re scanned anyway. So, they will get my data as it is, they can’t change it and they can 
do with that what they will. I don’t know how they’re going to write that up.” 
At the end of the study this issue had not yet been resolved, no new knowledge had been 
created and it was still a topic of discussion at each weekly meeting. 
5.3.4.3 Extending the diagnostic capability 
The objective of the Application OI process was to develop a new capacity to carry out 
diagnosis of the MHC using MRS spectroscopy. However, once the researchers were able to 
detect the MHC using MRS, they became curious about how much further they could 
develop the technology. Could they not only detect the presence of the MHC, but also detect 
its extent? This possibility was a recurring topic at the weekly meetings. One of the senior 
researchers asked the psychologist to prepare a database of psychological assessments of all 
of the participants. She explained:  
“Things that they want to know are how severe the MHC is [its extent] and if there are any 
co-morbidities…” 
This was different from what the psychologists had initially been asked to assess: 
“I’ve been using the [name of assessment tool]. Huge international, very, very well accepted 
battery of tests for assessing mental health but it comes up with a yes or no answer. It comes 
up with, ‘Yes you meet criterion for [MHC],’ or, ‘No you don’t.’ 
This caused mounting levels of frustration. Researchers saw a possibility to improve what 
they were developing, whereas the psychologist could only think about the necessity of 
having to repeat all of the assessments done to date, using a different clinical measure. The 
idea of pursuing a different objective to the original was foreign to her: 
They were never explicit about that at the beginning. I suspect because until you come to 
work out what assessment tools we were using maybe you don’t think about it in that much 
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detail… If you know exactly what research questions you’re going to ask before you do a 
piece of research… then you know everything you’ve got to collect.” 
At the end of the study discussions about diagnosing the extent of the MHC, in addition to its 
presence, were still occurring, indicating that this knowledge boundary had not yet been 
overcome.  The psychologist commented: 
“Four months and there’s been barely any traction. We are still having the same 
conversations now as what we were four months ago.” 
In this example, the underlying knowledge boundary was not overcome, and no new project-
specific knowledge was created. 
5.3.4.4 Psychological Assessment Scale 
This interruption occurred towards the end of the study, after the third psychologist had been 
working with the team for several months. It illustrates how agents had begun to realise that 
they did not fully understand the MHC and that the psychologist could be a useful source of 
occupation-specific knowledge.  
The team had accumulated several scans of participants with the MHC and were comparing 
their results with those generated by a rival research group also looking at the MHC but using 
a different approach. It appeared that the team’s measures of the MHC indicators had values 
an order of magnitude different from those of the rival team and the senior agents were 
deeply concerned. They raised the issue at a weekly meeting. Upon completing his summary 
of the issue, the researcher reporting it turned to the psychologist and asked if she could see 
anything that was ‘wrong’ with their approach. Immediately, she asked what psychological 
scale the rival team was using. The researchers pulled up the documents right there in the 
meeting room on their laptops and looked at the graphs. The psychologist was able to discern 
that the psychological scale that the rival group was using was an older scale in their 
psychological assessment of the MHC that had since fallen into disuse. This interruption to 
work, which lasted one week, could easily have lasted much longer. This was the first time 
that the researchers had asked for the psychologist’s advice.  Overcoming this knowledge 
boundary enabled the team to incorporate the new project-specific knowledge created, into a 
refined version of the project-specific practice of manual diagnosis. 
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5.3.5 Knowledge creation in the overall Application OI process 
Table 5.2 and the illustrations of instances of overcoming boundaries provided above, 
demonstrate that knowledge was only created where knowledge boundaries were overcome 
and that agents accomplished this by successfully adapting  practices they sourced from 
elsewhere (occupation-specific, project-specific or framework practices) or by co-creating a 
new project-specific practice.  
The project-specific practices described above (Recruiting, Selecting, Scanning and Manual 
Diagnosis) were not created sequentially, but concurrently. To further clarify how the 
interruptions reported above impacted on and contributed to these concurrently developing 
practices, I have shown the practices developing over time and the interruptions that impacted 
them, in Figure 5.2. Where an ‘interruption’ (grey vertical columns) crosses a project-specific 
practice-in-the-making (coloured horizontal arrows), this indicates that the interruption 
impacted the flow of work for that practice. Some interruptions impacted multiple practices. I 
have indicated where knowledge boundaries were successfully overcome and knowledge was 
created with a red starburst, (the specifics of which are shown in Table 5.2). For the 
interruptions where knowledge boundaries were not overcome, knowledge was not produced, 
so there is no starburst on the diagram.  
 
Figure 5.2: Schematic diagram of the interruptions encountered, showing which project-specific practices they 
impacted and whether knowledge was created.  
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Figure 5.2 presents the pattern of how agents went about developing these new project-
specific practices: they first planned to approach the work as they ‘expected’, based on the 
knowing available to them at that time, then they enacted the tentative practice-in-the-making 
as planned, but almost always encountered interruptions. These interruptions forced agents to 
re-examine their assumptions about the practices they were enacting, that is, to self-
distanciate (Tsoukas, 2009) and to re-strategise their approach. They then modified their 
project-specific practices and enacted these until they encountered the next interruption. After 
several such cycles, they had created a project-specific practice that was robust enough to be 
enacted and re-enacted without significant changes. The new project-specific knowledge, 
created by overcoming that particular knowledge boundary, was embedded in these re-
enactable project-specific practices.  Overcoming further knowledge boundaries created 
additional project-specific knowledge that was in turn embedded in the next adapted form of 
that project-specific practice and its project-specific objects.  
This pattern is shown in Figure 5.2. The creation of the Recruiting practice involved two 
interruptions, resulting in two episodes of self-distanciation and project-specific practice 
refinement, which created two increments of knowledge. (The knowledge created through 
each interruption is shown in Table 5.2). The Selecting practice encountered three 
interruptions and refinement episodes, creating three increments of knowledge, but also three 
interruptions, for which there was no resolution and hence no incremental knowledge 
produced. The Scanning practice encountered two interruptions which were resolved and 
created incremental project-specific knowledge and three interruptions which were not 
resolved, and around which, no incremental project-specific knowledge was created. The 
practice of Manual Diagnosis did not develop significantly (that is, did not embed observable 
new knowing or create new project-specific objects) until after agents had emerged from a 
series of three interruptions involving turbulent events including the resignation of the 
psychologist, concerns about the achievability of selecting a ‘clean cohort’ and questions as 
to whether the extent of the MHC could be discerned as well as its presence or absence, as 
described above. One further interruption involving the MHC assessment scale occurred that 
was resolved and did create incremental project-specific knowledge. 
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5.4 Knowledge creation within and between knowledge domains 
While I have focused on the knowledge created by agents overcoming their knowledge 
boundaries as detected by the observation of ‘interruptions’, I also observed instances of new 
knowledge creation without interruptions occurring.  
Instances where knowledge was created without overcoming knowledge boundaries involved 
agents working within the same discipline and hence knowledge boundaries did not exist 
because the agents involved shared occupation-specific practice. For example, the physicist 
and image technologist (both within the science knowledge domain) discovered that there 
were two types of pre-cancerous cellular changes corresponding to different risks of 
developing cancer. This information was then used to help surgeons and patients develop 
better quality decisions about whether to wait or undergo preventative surgery. In addition, 
the development of the project-specific practices of Data cleaning and Post-processing have 
not been reported here because the development of these project-specific practices was 
accomplished ‘within discipline’, by the image technologist and the imaging expert, and so 
did not involve overcoming knowledge boundaries. Pointing out the creation of knowledge 
‘in-discipline’ is important because it demonstrates that the overall knowledge creation 
processes within the OI processes involved two types of knowledge creation mechanisms, 
cross knowledge domain and within knowledge domain. 
 
5.5 Chapter Summary 
In this chapter I reported that four types of interruption were observed: productive 
interruptions, in which a knowledge boundary was overcome and new project-specific 
knowledge was created; unproductive interruptions, in which a knowledge boundary was not 
overcome and no new project-specific knowledge was created; reproductive interruptions in 
which a previously overcome knowledge boundary re-emerged and project-specific 
knowledge was re-created, and framework interruptions in which framework practices 
constrained project-specific practices.  Of these interruptions, project-specific knowledge was 
only created when a knowledge boundary was overcome, as evidenced by the creation of new 
project-specific objects, project-specific practices and capacities to carry out new activities. I 
illustrated the effect of interruptions on the development of multiple project-specific practices 
simultaneously, by setting out in detail the development over time of the three project-
specific practices of Recruiting, Selecting, Scanning and Manual Diagnosis in the 
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Application case. By so doing I attempted to re-present the complexity and 
interconnectedness between the project-specific practices, occupation-specific practices and 
framework practices encountered in the field, and to portray the complexity of the OI 
processes examined. Finally, I noted two important aspects of the knowledge creation 
processes observed. First, agents also created project-specific knowledge within knowledge 
domains by drawing on their shared occupation-specific practices without having to 
overcome knowledge boundaries. This demonstrated that knowledge creation in the cases 
involved two types of knowledge creation mechanisms, cross knowledge domain (enabled by 
overcoming knowledge boundaries) and within knowledge domain (which did not involve 
knowledge boundaries).   
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Chapter 6:  Cumulative knowledge creation over time 
 
6.1 Introduction 
While Chapter 4 reported on the knowledge boundaries that arose, the types of practices 
enacted in the two OI processes studied and how agents drew on existing knowing to co-
create new practices, and Chapter 5 reported on the types of interruptions encountered that 
indicated significant knowledge boundaries and how agents overcame them to create new 
project-specific knowledge, this chapter explores how knowledge creation in each case 
progressed over time. For the Platform Technology Case, I show that as each successive 
knowledge boundary was successfully overcome, increments of new project-specific 
knowledge were produced, which agents were able to embed into developing project-specific 
practices and to inscribe into developing project-specific objects. I theorised this 
phenomenon, which has not previously been reported in the literature, as practice 
‘maturation’. I show that project-specific practice maturation involves the co-evolution of 
project-specific practices and project-specific objects over time.  
The Application case provided what I have theorised as a ‘templated’ knowledge creation 
process. In this case, agents purposefully adapted the knowledge creation approach they had 
used in the Platform Technology case, and I show that agents drew on the project-specific 
practices created in the Platform Technology case as a basis for the project-specific practices 
they co-created in the Application case, while also drawing on occupation-specific practices 
and framework practices. I then argue that the templated OI process can be understood as a 
form of project-specific practice maturation in a different context. Finally, based on the 
findings reported in Chapter 4 (Knowledge boundaries and practices), Chapter 5 (Creating 
knowledge and knowledge flow), and those relating to practice maturation and the OI process 
of ‘templating’, I propose a processual model of knowledge creation in an OI process. 
 
6.2 Maturation of Project-specific practices: The Platform Technology case 
I now recount how agents in the Platform Technology case co-developed new project-specific 
practices and iteratively developed these practices, along with the objects used in those 
practices, over time such that the practices ‘matured’, that is, as the practices developed over 
time, they enabled increased capacity to carry out the objective of diagnosis using MRS. This 
example illustrates the process of project-specific practice maturation that I wish to highlight.  
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The knowledge creation process for the project-specific practice of Diagnosis required agents 
to develop the capacity to carry out a ‘manual diagnosis’ using MRS data. This capacity 
involved matching patterns in the MRS data to conventional diagnoses made by surgeons. To 
do this, agents created the new project-specific object of the training database. Once the 
project-specific practice of Manual Diagnosis had been created (to the extent that it could be 
enacted repeatedly), agents worked to develop the AI algorithm, to enable the capacity of 
classifying the MRS data automatically. Agents embedded this new project-specific 
knowledge in the new project-specific practice of AI diagnosis. To ensure utmost accuracy 
for patient safety, agents continued to use the conventional diagnoses along with the AI 
diagnosis while they continued to refine their practices. Finally, agents began inscribing the 
new knowledge from the new project-specific practices and project-specific objects into the 
scanning device (itself a new project-specific object).  
In order to clarify the knowledge creation processes involved, I used the temporal bracketing 
approach (Langley, 1999), as described in Chapter Three, to identify three stages of 
development, or ‘maturity’ of the project-specific knowledge over time. Figure 6.1 describes 
the temporal brackets obtained in this way, based on the observed differences in agents, 
objects and project-specific practices at multiple times during the study. The ‘maturity’ 
(capacity to carry out the objective of diagnosis using MRS) of project-specific practices, 
project-specific objects and project-specific knowing, increased significantly between 
Brackets 1 and 2 and between Brackets 2 and 3. Based on the knowledge created during each 
temporal episode, I named the episodes of knowledge development corresponding to the 
three stages of practice maturity, as follows: 
Temporal Bracket 1- creation of project-specific practice of manual diagnosis- Small scale 
manual diagnosis; 
Temporal Bracket 2- parallel enactment of manual diagnosis and conventional diagnosis 
leading to refinement of the AI algorithm – manual AI-assisted diagnosis; 
Temporal Bracket 3- refined practices enacted (manual diagnosis, AI diagnosis, data cleaning 
and processing and knowing partially inscribed in device) - dual diagnosis with partially 
inscribed knowing. 
While these temporal brackets were readily discernible through changes in agents, objects 
and project-specific practices, actual activities in the field did not change abruptly, but rather 
transitioned between temporal brackets.  These transition periods lasted in the order of weeks 
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and involved winding down from the activities of one temporal bracket (e.g. writing 
documentation, reporting, updating funding bodies and sponsors) and gearing up for the next 
temporal bracket (e.g. recruiting, sourcing equipment, gaining ethical approvals). I placed the 
end of one temporal bracket and the start of the next in the middle of the transition periods so 
as not to overly complicate the schematic representation (Figure 6.1).   I now report on the 
knowledge creation processes identified during each of these periods and the project-specific 
knowledge created in each. 
 
 
Figure 6.1: Schematic describing the three temporal brackets obtained for the Platform Technology case, based 
on the observed differences in agents, objects and project-specific practices at multiple times during the study.  
 
6.2.1 Temporal Bracket 1- first 6 months- Small scale manual diagnosis 
6.2.1.1 Developing the project-specific practice of manual diagnosis 
In this initial stage of the development of the project-specific practice of Diagnosis, the 
biophysicist, physicist and imaging technologist manually assembled the outputs of the 
scanning, data-cleaning and analysis project-specific practices to classify each participant’s 
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MRS data into a diagnosis category by comparing it with the participant’s conventionally 
obtained diagnosis. This involved gaining access to the clinical data (medical history) of 
participants in the trials, which was a protracted ethics process, the protraction and problems 
arising from the different means of collecting, storing and accessing data in clinical practice 
compared to research practice, and the multiple organisational jurisdictions involved. Once 
they had gained access to the clinical data, researchers were able to meet face to face with the 
surgeon to compare their diagnosis of each participant’s cancerous state with the surgeon’s 
conventionally made diagnosis (using conventional techniques such as biopsies, pathology 
reports and contrast-enhanced magnetic resonance imaging, as set out in Chapter Three). The 
researchers and the surgeon accomplished this by physically setting out the data 
visualisations on the computer screen and on the meeting room table (for hard copy) and 
engaging in questioning, explaining and discussion. These meetings were very detailed, as 
the agents had to reach complete consensus about each diagnosis as people’s lives were at 
stake. In some cases, the manual diagnosis using MRS indicated pre-cancerous changes even 
though these were not detected by conventional means. In these cases, the surgeon took this 
information back to the patients to discuss the findings with them and to re-strategise their 
treatment plan. So, the objects involved in this stage of the practice of Manual Diagnosis 
were the modified clinical scanning device, the MRS data, the clinical data and the 
conventional diagnosis (Figure 6.1). As agents enacted and re-enacted the project-specific 
practice of manual diagnosis, the number of matched sets of manual MRS diagnoses and 
conventional diagnoses grew.  
Enacting the project-specific practice of manual diagnosis took several hours per participant, 
which was impractically long for clinical practice, from both a patient comfort aspect and an 
economic aspect. To achieve a practical analysis time per person, the team planned to use 
artificial intelligence (AI) for pattern recognition. Developing an AI algorithm requires a 
‘training data set’ (see, for example Fayyad, Piatetsky-Shapiro & Smyth, 1996). The team 
was able to use the new object described above, comprising the matched MRS and 
conventional diagnoses, as this ‘training data set’ to develop and ‘train’ an algorithm that 
captured the project-specific knowledge that agents had created manually by matching the 
two sets of diagnostic data. I describe some of the challenges involved in creating the training 
data set (the new project-specific object) below. This new object was in effect a fusion of 
research data (obtained using the new MRS technique) and clinical data (patient details and 
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conventional diagnostic data) and was inscribed with the new project-specific knowing 
produced by the project-specific practice of Manual Diagnosis.  
6.2.1.2 Developing the Training data set 
The first step in developing an AI algorithm is the construction of a ‘training database’, with 
which computer programmers can ‘teach’ the algorithm (Fayyad et al., 1996). The team 
constructed its training database by linking the new MRS data and diagnoses obtained from 
clinical tests of patients and participants with the clinical data and conventional diagnoses of 
those same people, thereby creating a new project-specific object. Creating this object 
provided scientists and clinicians with a one to one correspondence between the new MRS 
data and diagnoses and conventional data and diagnoses for the first time. However, 
difficulties in obtaining the clinical data and fusing it with the research data, arising from the 
different clinical and research practices (a knowledge boundary), interrupted the knowledge 
creation process.  
Clinicians needed to know the identities relating to each piece of data as their practice 
involves discussing each patient’s data separately. Each patient had a record that was held 
confidentially by the clinician’s organisation and was only accessible to the clinician treating 
the patient. Providing this data for research purposes was not part of clinical practice. The 
researchers had to lodge an ethics application with each hospital involved to gain access to 
this data. In contrast, researchers don’t need to know the identities relating to the data as their 
practice involves comparing overall differences between sets of data to uncover overall 
patterns. A further complicating factor was that the researchers generated their data 
individually by enacting occupation-specific practices involving specific research devices and 
maintained their own individual collections of data. In research practice, researchers do not 
all interact with the same instrument (in the way that clinicians interact with an individual) 
and so do not need to make their data accessible for sharing. In this case, data was held by 
individual scientists in several separate electronic locations and non-standardised formats. 
Collating all the MRS data from these individuals took considerable effort.  
Both clinicians and scientists were surprised by the unexpected delays encountered in 
collating the data. Clinicians found it ‘extraordinary’ that each scientist had their own data in 
their own location rather than having it systematically stored in a central location. Scientists 
were ‘astonished’ that they had to obtain ethics approval to gain access to the clinical data 
and frustrated by the delay involved. The project leader said:  
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“That’s the first time I’ve ever had to get ethics approval to build a database! I can’t believe 
all the extra work involved.” 
Dealing with the differing data formatting and storage practices relating to the research data 
and the clinical data also added technical difficulties into the mix. Agents worked through 
these difficulties by writing the ethics applications together and by sitting down together in 
meetings and at each other’s desks to go through the data record by record and spectrum by 
spectrum. It was a painstaking, time consuming process.  
Thus, by co-developing the project-specific practice of Manual diagnosis and the project-
specific object of the Training data set, the researchers and clinicians were able to overcome 
their mutual knowledge boundaries to create new project-specific knowledge. The new 
knowledge manifested as the increased capacity to diagnose the state of human cells with 
respect to the development of cancer. At the end of the first temporal bracket, agents had 
developed early versions of the project-specific practices of Manual diagnosis practice, 
Manual data classification and early versions of the project-specific practices of Scanning 
and Data cleaning. As a result, the project-specific knowledge created enabled the capacity to 
tentatively diagnose manually, using MRS data, the state of human cells with respect to the 
development of cancer. The central objects at the end of this period were the MRS diagnosis, 
the conventional diagnosis, the training data set, the modified scanner, MRS data and clinical 
data. The agents involved in Temporal Bracket 1 were the biophysicist, physicist, data 
researcher and surgeon, as shown in Figure 6.1. Together, these features of the knowledge 
creation process defined the stage of project-specific practice maturity in Temporal Bracket 
1.  
As agents continued to compare MRS spectra and MRS diagnoses with conventional clinical 
data and diagnoses through dialogue and by using objects such as visual representations of 
data and sets of clinical records to mediate their knowing, both researchers and clinicians 
developed greater understanding of the salient features of each other’s data sets. They used 
this enhanced knowing in the next phase of the project to refine these project-specific 
practices and objects and to develop new ones. I now describe the OI process in Temporal 
Bracket 2.  
6.2.2 Temporal Bracket 2- Manual AI-assisted diagnosis 
In Temporal Bracket 1, agents had inscribed the new project-specific knowledge created that 
related the MRS spectra and conventional diagnoses to each other in the training data set. In 
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Temporal Bracket 2, the training dataset enabled the further creation of project-specific 
knowledge and maturation of the overall project-specific practice of diagnosis through its role 
as the foundation on which the AI algorithm could be developed. The team developed the AI 
algorithm to enable much faster assignment of spectra to cell properties than was possible 
manually so as to reduce the analysis time required to a clinically practical length. The team 
worked with AI experts to develop the AI algorithm. Together, they used several emerging 
forms of the training dataset to do so, as it developed over time as the project-specific 
practice of manual diagnosis was repeatedly enacted. This emerging project-specific knowing 
was progressively inscribed into the developing AI algorithm.  
Once a sufficiently functional form of the algorithm had been developed, agents were able to 
compare their manually generated MRS diagnosis with both the conventional diagnosis and 
the AI generated diagnosis. These comparisons uncovered new insights (new project-specific 
knowing) which the team used to refine both the manual diagnosis practice and the AI 
algorithm. The creation, use and ongoing refinement of the AI algorithm, required the 
addition of a data scientist to the team (Figure 6.1), who also participated in the meetings 
with the surgeon and the researchers to agree on a diagnosis for each participant.  
By the end of the second temporal bracket, agents had developed the project-specific practice 
of AI diagnosis and had further refined the practice of Manual MRS Diagnosis. The practices 
on which the manual MRS Diagnosis practice depended, Scanning and Data cleaning, also 
continued to develop during this period. The extent of project-specific knowledge created by 
the end of Temporal Bracket 2 enabled the capacity to more accurately diagnose manually 
and to more accurately diagnose using the AI algorithm. The central objects at the end of this 
period were the AI algorithm, the AI diagnosis, the training data set, the MRS diagnosis, the 
conventional diagnosis, the training dataset, the modified scanning device, the MRS data and 
the clinical data (Figure 6.1). The agents involved in Temporal Bracket 2 were those involved 
in the first temporal bracket with the addition of a data scientist. Together, these features of 
the OI process defined the stage of project-specific practice maturity at the end of Temporal 
Bracket 2.  
6.2.3 Temporal Bracket 3- Dual diagnosis with partially inscribed knowing 
In this temporal bracket, agents inscribed the project-specific knowledge created to that point 
into the scanning device. The commercial partner seconded a device engineer to the team 
during this period to liaise between the team and other commercial partner staff overseas. As 
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versions of the software became available on the device, the PhD student-radiographers in the 
team worked with the device engineer to develop and enact the project-specific practice of AI 
diagnosis. Radiologists from the hospital began to work alongside the PhD student-
radiographers and participated in this new practice. In so doing, they became able to enact 
this practice of AI diagnosis and were then able to share it with other hospital radiographers.  
The envisaged, fully developed practice of AI diagnosis (the innovation) involved scanning 
the patient using the device and then enacting automated versions of the project-specific 
practices of Data cleaning, Data processing and Diagnosing using the scanning device. 
However, during the course of this study, only the project-specific knowledge from the first 
two project-specific practices (Data cleaning and Data processing) had been inscribed into 
the device. Immediately after the patient had been scanned, the partially complete project-
specific practice of AI diagnosis was enacted by undertaking data cleaning and data 
processing using the device  and another computer in a remote location to automatically enact 
the AI diagnostic practice. During Temporal Bracket 3, agents also enacted the project-
specific practice of manual diagnosis using the MRS data collected during the scan for 
comparison with conventional diagnoses, to ensure utmost accuracy in the final diagnosis.  
At the end of Temporal Bracket 3, the additional project-specific practices that had been 
developed were the automated practices of Data cleaning, Data processing and AI diagnosis, 
which enabled the enhanced capacity of semi-automatically enacting the project-specific 
practice of AI diagnosis based on MRS data. By that time, additional agents were 
participating in the OI process (device engineer, device coders, radiographers and 
radiologists) and additional project-specific objects had been created (device software for 
data cleaning, data processing and a refined AI algorithm). Together, these aspects of 
Temporal Bracket 3 defined its project-specific practice maturity.  
These three stages of practice maturity are summarised below in Table 6.1 and also in Figure 
6.2. The ‘maturation’ of the project-specific practices was achieved by agents overcoming 
successive knowledge boundaries by co-creating new and modified project-specific practices. 
As the project-specific practice of Diagnosis matured, project-specific knowledge was 
created by agents purposefully adapting the objects involved and creating new objects. As the 
team needed to draw on additional knowing, agents with complementary occupation-specific 
practices were recruited, as shown schematically in Figure 6.2. In this way, the project-
specific practice of Diagnosis, the objects it involved and the project-specific knowing 
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associated with it, co-evolved over time. At the end of the study, the project-specific practice 
of Diagnosis was nearing, but had not yet attained, its envisaged fully developed form. 
 
Table 6.1: Descriptions of the maturity of the project-specific practice of diagnosis during each temporally 
bracketed period. 
Practice 
maturity 
Description Key Agents Key objects 
Temporal 
Bracket 1 
 
first 6 
months 
Small scale manual diagnosis 
Meetings were called as MRI data and clinical data 
became available.  The physicist and biophysicist 
would present their data visualisations of the MRI 
data and their spreadsheets of key cell chemistry 
assignments and explain their reasoning and 
conclusions to the surgeon and compare these 
assignments of cell chemistry to surgeon’s diagnosis, 
made using  conventional techniques.  They 
discussed and clarified each other’s reasoning, with 
reference to the patients' clinical data and the MRI 
data, until agreement was reached.  Through 
discussion, the researchers understood more about the 
MRI chemical features of healthy and unhealthy 
states and the clinician learned more about the 
possibilities and limitations of the technique.   
 
They created a new object, the training data set, a 
matched set of research data, clinical data and the 
conventional diagnosis.  This object is used outside of 
the practice of diagnosis to develop another new 
object, the initial AI algorithm, which is used at the 
next level of Diagnosis maturity   
 
Biophysicist 
Physicist 
Data researcher 
Surgeon 
MRS data (Data 
visualisation 
images, 
spreadsheets of 
selected data) 
Clinical data 
Conventional 
diagnosis 
Manual diagnosis 
Integrated 
database 
Training data set 
Temporal 
Bracket 2 
 
Next 7 
months 
Manual AI-assisted diagnosis 
The team had the initial AI classifier algorithm, but 
the contributing practices of scanning and data 
cleaning were still enacted manually.   The AI 
analysis was conducted remotely by the Data scientist 
(overseas).  The physicist and data researcher 
continue to analyse the data manually and present 
these at the diagnosis meeting along with the AI 
results.  Meetings are still episodal when AI 
outcomes are available and now involve the Data 
scientist in addition to the other agents.   
 
Learnings from comparing the manual results, the AI 
results and the conventional diagnoses provide 
information to refine the sub-practices contributing to 
the diagnosis practice (scanning, data cleaning, data 
analysing) and to refine the AI analysis algorithm. 
Data scientist 
Biophysicist 
Physicist 
Data researcher 
Surgeon 
MRS data 
Clinical data 
Conventional 
diagnosis 
Manual diagnosis 
Integrated 
database 
AI Algorithm 
Temporal 
Bracket 3 
 
Last 4 
months 
Diagnosis with partially inscribed knowing 
A new scanner was installed with a new operating 
system incorporating an automated version of the 
manual data-cleaning practice developed. The team 
began accumulating automatically scanned and 
cleaned data, then continued to compare manual 
Device 
engineer 
Device coders 
Radiographers 
Radiologists 
Data scientist 
Modified scanner 
MRS data 
Clinical data 
Conventional 
diagnosis 
Manual diagnosis 
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diagnoses, AI diagnoses and conventionally made 
diagnoses to ensure the new software was functional 
and to ensure that final results were as accurate as 
possible before communicating these to the 
participants.   Until the AI classifier algorithm could 
be integrated into the scanner's operating system, AI 
diagnoses were performed using a separate 
workstation, on site.  The team began working with 
clinical radiographers and radiologists introducing 
them to the new capability. 
Biophysicist 
Physicist 
Data researcher 
Surgeon 
Integrated 
database 
Training data set 
AI Algorithm 
MRS device 
software 
 
 
 
Figure 6.2: A schematic representation of the three stages of project-specific practice maturity for the overall 
project-specific practice of Diagnosis. 
 
6.3 Templating the knowledge creation process 
The team used the extensive project-specific knowledge they had created in the Platform 
Technology case to streamline the development of the new project-specific practices and the 
new project-specific objects they planned to create in the Application case. While they drew 
on technical aspects of the project-specific knowledge from the Platform Technology case, 
they also drew on the process they had employed for creating new project-specific knowledge 
in the Platform Technology case, to strategise their approach to the Application OI process. I 
called this approach ‘templating’ the knowledge creation process. In this section, I report on 
how this templating process was planned and how it actually unfolded. I begin by setting out 
the sequence of development of the project-specific practices for the Platform Technology 
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case as it had taken place (Figure 6.3). This sequence provided a ‘template’ for agents to 
strategise how they would create the new knowledge required to diagnose the MHC using 
MRS in the Application case.  
 
 
Figure 6.3: The sequence of project-specific practice development for the Platform Technology, showing the 
dependencies between project-specific practices and the types of practice drawn on to develop them. During the 
study, the project-specific practices of Scanning, MRS data analysis, Manual Diagnosis and MRS diagnosis 
were developed (solid blue shapes). The envisaged project-specific practice of Clinician-assisted diagnosis was 
in progress by the conclusion of the study (unfilled shapes). 
 
Agents began the templating process (beginning at the right-hand side of Figure 6.3) for the 
Application case by working concurrently on adapting the Scanning practice to the MHC 
context and adapting their practices of sourcing participants (the Recruitment and Selection 
practices, the development of which was reported in Chapter 5). As agents worked 
concurrently on the Platform Technology OI process and the Application OI process, they 
were able to draw on aspects of new project-specific knowledge created in the Platform 
Technology for use in the Application case.  
The project-specific practice of Scanning from the Platform Technology case needed to be 
adapted to the new context of the Application case.  The researchers and the radiographers 
accomplished this adaptation, working side by side at the device console (as reported in 
Chapter 5), by enacting the emerging practice and when difficulties were encountered, 
modifying it further by drawing on existing project-specific and occupation-specific 
practices.  These interactions were dialogical and mediated by objects, including the device 
itself. Together, they attempted enacting adjustments to their draft operating protocol and 
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noted whether those adjustments constrained or enabled the tentative new project-specific 
Scanning practice. When adjustments were fruitful, that is they enabled improved capacity to 
scan, they inscribed this new co-created project-specific knowledge in the next draft 
‘protocol’ for operating the device. They iterated this process several times. At the scanning 
sessions I was able to observe, I noted that each radiographer had his or her own version of a 
protocol for scanning, annotated with the personal knowing gleaned from their interactions 
with the device (and in so doing they appeared to engage in a researcher-like occupation-
specific practice, as reported in Chapter 5).  
The adaptation process that agents engaged in to develop new project-specific practices of 
Recruitment and Selection were fraught with conflict, as described in Chapter 5. To develop 
those project-specific practices, agents drew on the framework practices for Recruitment and 
Selection enacted in the Clinical Trials Unit (CTU). They adapted these by overcoming 
successive knowledge boundaries that had arisen between the clinicians whose practices 
involved physical conditions and the clinician whose practices involved the MHC.  
To develop the project-specific practice of MRS data analysis (second from the right in 
Figure 6.3), agents built on the project-specific practice of Scanning they had developed for 
the Application case and modified the project-specific practices of Data cleaning and Post-
processing they had developed in the Platform Technology OI process. These two practices 
were adapted within the researcher grouping and so no knowledge boundaries needed to be 
overcome (see Chapter 5). Developing the MRS data analysis project-specific practice for the 
Application case involved overcoming knowledge boundaries between researchers and the 
psychologist, as described in the previous chapter.  
Finally, developing the project-specific practice of Manual diagnosis involved building on 
the project-specific practice of MRS data analysis and drawing on the Traditional diagnostic 
practice for the MHC, a psychologist’s occupation-specific practice. This approach was 
analogous to how agents had developed the project-specific practice of Manual diagnosis for 
the Platform Technology case by comparing MRS data with the Conventional diagnosis, by 
drawing on a surgeon’s occupation-specific practice.  
By the end of the study, the team had developed the project-specific practices of Scanning, 
MRS data analysis and Manual Diagnosis. They had begun developing the project-specific 
practice of MRS analysis but had not yet begun developing the practice of Clinician-assisted 
diagnosis. The ways in which agents accomplished the co-creation of the new project-
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specific practices for the Application case are set out in Table 6.2 showing the types of 
practices that agents drew on to create these. 
Table 6.2: Description of the development process for the project-specific practices and project-specific objects 
in the Application Case, showing the practices agents drew on to create these. 
Project-
specific 
practice 
Knowledge creation approach taken 
Types of practice 
they drew on  
Scanning 
Three practices involved: the MRS scanning itself and the practices 
that provide participants with and without the MHC.  
Scanning: Agents drew on their knowing from the Platform 
Technology (project-specific practice) and adapted that practice 
by overcoming knowledge boundaries between researchers and 
radiographers as they sat side by side at the device control console.  
Recruitment and Selection: agents began by modifying the 
framework practices for Recruitment and Selection of the Clinical 
Trial Facility. They adapted these through several iterations of 
interruptions and self-distanciation and eventually created robust 
project-specific practices that continued to be enacted.  
 
 
Project-specific 
practice 
(Platform Technology) 
 
Framework practice 
MRS data 
analysis 
Four practices involved: MRS data analysis, scanning, Data 
cleaning and post-processing. 
The creation of the project-specific practice of scanning is 
described above; 
Data cleaning and Post-processing practices for the MHC data were 
adapted within discipline (researchers only) from those project-
specific practices developed in the Platform Technology; 
MRS data analysis project-specific practice for the Application 
was created by adapting knowing developed in the Platform 
Technology.  
 
Project-specific 
practice (Platform 
technology) 
Project-specific 
practice (Platform 
Technology) 
Project-specific 
practice (Platform 
Technology) 
 
Manual 
diagnosis 
Three practices involved: MRS data analysis, traditional diagnosis 
and manual diagnosis. 
The MRS data analysis practice was created as described above  
The traditional diagnosis was an already existing occupation-
specific practice (of psychologists).  
The team co-developed the project-specific practice of manual 
diagnosis for the MHC with the psychologist in an analogous way 
to how they had developed the Platform Technology manual 
diagnosis practice with the surgeon. They did not adapt a project-
specific practice from the Platform Technology, but rather re-
enacted how they went about creating that practice, in the new 
context of the Application 
 
 
Project-specific 
practice (Application) 
Occupation-specific 
practice 
Project-specific 
practice 
Co-created  
MRS 
diagnosis 
Not created in this study   
 
 
Clinician-
assisted 
diagnosis 
Not created in this study  
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Knowledge created during the Platform Technology OI process, in the form of project-
specific practices, underpinned the development of knowledge in the form of project-specific 
practices in the Application case, with the exception of manual diagnosis. For that project-
specific practice, agents drew instead on the process through which they developed that 
practice in the Platform Technology case, rather than the practice itself, as different objects 
and different agents were involved.  
As with the Platform Technology case, the emerging overarching project-specific practice of 
Clinician-assisted diagnosis comprised multiple project-specific sub-practices, in a nested 
dependency (Figure 6.4).  
 
 
Figure 6.4: The sequence of project-specific practice development for the Application, showing the 
dependencies between project-specific practices and the types of practice drawn on to develop them. During the 
study, the project-specific practices of scanning, MRS data analysis and manual diagnosis were developed (solid 
orange shapes). The envisaged project-specific practices of MRS diagnosis and of clinician-assisted diagnosis 
were in progress at the end of the study (unfilled shapes). 
 
From a consideration of the data presented above, I argue that the ‘templating’ of the 
Platform Technology OI process to strategise the development approach for the Application 
OI process can be understood as a form of project-specific practice maturation, specifically of 
the project-specific practice of clinician-assisted diagnosis. The Scanning project-specific 
practice from the Platform Technology OI process, as one of the project-specific sub-
practices that contributed to the overarching project-specific practice of Clinician-assisted 
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diagnosis, matured through several stages, as reported in the previous section and shown in 
Figure 6.1. However, its maturation was not contained to the Platform Technology OI 
process. The team planned to use this practice (specific to the Platform Technology project) 
as the foundation of the project-specific practice of Scanning in the Application case, but in 
order to successfully enact that practice in the new MHC context, agents had to adapt it to its 
new context. This adaptation caused further increments of new project-specific knowledge to 
be embedded into the emerging scanning practice, specific to the Application case, and for 
new project-specific objects to be involved with its enactment. As I have defined project-
specific practice maturation as the co-evolution of a project-specific practice with its objects 
over time, this adaptation process can be understood as further practice maturation.  
In this templating process, the further maturation of the Platform Technology Scanning 
project-specific practice was transposed into a different context. The trajectory of that 
practice’s maturation over time began in the Platform Technology case and then extended to 
the Application case. However, the maturation of the Platform Technology project-specific 
practice of Scanning did not cease while the practice was being further adapted, maturing 
further in the Application context. It continued to be enacted in the Platform Technology case 
and would likely have continued to mature as the team created further project-specific 
knowledge in that context. In effect then, the ‘templating’ of the project-specific practice to 
the Application case context can be understood as a ‘bud’ in the maturation trajectory of that 
project-specific practice, as shown schematically in Figure 6.5. 
 
 
Figure 6.5: Schematic of the further maturation of the Platform Technology project-specific practice of 
Scanning by ‘templating’ it in the Application context. Practice maturation in each case is signified by ongoing 
changes of ‘shape’ within each OI process. Maturation of the Platform Technology project-specific practice 
Scanning continues in the Platform Technology context after templating.  
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As the team planned to extend the MRS diagnostic technology to other health issues, one can 
imagine the Scanning project-specific practice further ‘budding’ as it was templated into an 
additional context. The team could choose to use the ‘original’ Platform Technology 
Scanning practice as the foundation of the additional scanning practice, or it could choose to 
use the already ‘templated’ Application case Scanning practice. The choice would 
presumably be made based on a comparison of all three contexts (Platform Technology, 
Application and additional contexts) and the capability needed for the Innovation in the 
additional context. These choices and the ‘budding’ of the Scanning project-specific practice 
maturation are shown schematically in Figure 6.6. 
 
 
 
Figure 6.6: Schematic of hypothetical options available to the team for ‘templating’ a new OI process, using pre-
existing project-specific Scanning practices, in a new context. As in Figure 6.5, practice maturation in each OI 
process is signified by ongoing changes of ‘shape’. The team could choose to template the new scanning 
practice using either the Platform Technology project-specific practice of Scanning (Option A) or the 
Application project-specific practice of Scanning (Option B). Both the Platform Technology and Application 
scanning practices continue to mature as they are further enacted in those contexts.  
 
Recounting how agents used a templating approach to create knowledge in the Application 
OI process illustrates how project-specific practices created in a particular site of knowing 
can be appropriated and modified to be suitable for another site of knowing by creating new 
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project-specific knowledge from within that new site of knowing. I argue then that this 
templating process can be understood as a type of project-specific practice maturation as it 
involves the creation of new knowledge in the form of a new project-specific practice, new 
project-specific objects involved with that practice, and new capabilities. 
Based on the findings reported in Chapter 4 (Knowledge boundaries and practices), Chapter 5 
(Creating knowledge and knowledge flow), and the findings relating to practice maturation 
and OI process ‘templating’ reported in this chapter, I now propose a processual model of 
knowledge creation in an OI process. 
 
6.4 A processual model of knowledge creation 
In this section I draw on the insights to the knowledge creation processes reported above to 
propose a processual model for knowledge creation. As this thesis focuses on the role of 
boundaries in knowledge creation, the model theorises the creation of knowledge where 
knowledge boundaries are involved, rather than including any within knowledge domain 
knowledge creation, (Chapter 5) where knowledge boundaries are not involved. 
The study focused on how agents overcame pragmatic knowledge boundaries (Carlile, 2004) 
that arose as a consequence of their significantly different occupation-specific practices. It 
showed that agents experienced these knowledge boundaries as interruptions, the inability to 
‘go on’ with the OI process. The encountering of an interruption provided agents with an 
opportunity to self-distanciate, by switching them from a state of ‘absorbed coping’ to one of 
‘theoretical detachment’ (Sandberg & Tsoukas, 2011). In this new state, they were able to 
question their understandings and re-strategise their approach to progress the OI processes, 
and where able, they co-created project-specific practices to bridge the knowledge boundary 
causing the interruption. They accomplished the co-creation of the new project-specific 
practice by drawing on their existing knowledge in the form of their own occupation-specific 
practices, framework practices or existing project-specific practices. The new project-specific 
practice they created in this way embedded the incremental new project-specific knowledge 
created that had enabled the agents to bridge the knowledge boundary. Once the knowledge 
boundary was overcome, agents were able to ‘go on’, and re-entered a state of ‘absorbed 
coping’ (Sandberg & Tsoukas, 2011) as they enacted the newly created project-specific 
practice, until they encountered the next interruption. This proposed series of events through 
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which agents overcame knowledge boundaries by creating new project-specific knowledge is 
presented schematically in Figure 6.7. 
 
 
 
Figure 6.7: Overcoming a knowledge boundary, creating a knowledge increment: Schematic of proposed 
conceptual model for overcoming knowledge boundaries. The sequence of events is numbered: At 1, agents are 
in a state of absorbed coping, enacting an existing practice. At 2, they encounter an interruption that prompts 
them to move from a state of absorbed coping to one of theoretical detachment through self-distanciation 
(Sandberg & Tsoukas, 2011). While in this state, they draw on existing knowledge (practices and objects) to 
tentatively co-create a new project specific practice. As they adapt this new practice and it becomes more robust, 
they are able to re-enact it. They re-enter a state of absorbed coping while enacting this new project-specific 
practice.  
 
The study showed that agents encountered multiple knowledge boundaries over time and that 
agents sequentially overcame these knowledge boundaries by co-developing new project-
specific practices. Thus, the knowledge creation process proceeded in repeated cycles, 
triggered by agents encountering an interruption, and resolved by agents co-creating a project 
specific practice (new project-specific knowledge) to bridge the knowledge boundary. I 
propose that the basis for a processual model for knowledge creation involves the repeated 
enactment of the sequence of the activities depicted in Figure 6.7. This entails agents 
switching from a state of absorbed coping to one of theoretical detachment by encountering 
an interruption and resuming the state of absorbed coping only if they are successful in co-
creating and enacting a new project-specific practice in which the new knowing they created 
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was embedded. The sequence of activities I suggest is as follows: agents are in a state of 
absorbed coping until they encounter an interruption; this interruption triggers self-
distanciation and moves agents into a state of detached theorisation. In this state they re-
assess their situation and re-strategise (as described above) and attempt to co-develop a new 
or revised project-specific practice, which, if successful, they then enact; and through the 
repeated enactment of this new project-specific practice, they re-enter a state of absorbed 
coping.  
The project-specific practice of Diagnosis in the Platform Technology case involved 
successive interruptions prompting self-distanciation, followed by the successive overcoming 
of knowledge boundaries, accomplished as reported in Chapter 5. Agents overcame each 
successive knowledge boundary by creating additional project-specific knowledge 
increments, which manifested as the project-specific practice of Diagnosis maturing over 
time. I argue that this maturation process was driven by the sequential embedding of those 
increments of project-specific knowledge created, into the emerging version of that project-
specific practice, as each boundary was overcome. This repeated cycle of overcoming 
knowledge boundaries and creating project-specific knowledge constitutes the proposed 
processual model for knowledge creation (Figure 6.8).  
The processual model, as presented above, deals with the sequential overcoming of 
knowledge boundaries during which new project-specific knowing was created. However, the 
overall knowledge creation processes examined in this study were composites of successful 
and unsuccessful attempts to bridge knowledge boundaries. In cases where knowledge 
boundaries were not overcome, I argue that agents were also triggered to change state from 
absorbed coping to theoretical detachment by the interruption, as proposed in the model and 
as indicated by their observed responses to those interruptions, (including confusion, and 
frustration), and their activities, which included deep dialogue and questioning of each other. 
In these cases, however, despite their efforts, they were not successful in co-creating a new 
project-specific practice (the new project-specific knowledge) required to overcome the 
knowledge boundary involved. This suggests that the multidisciplinary knowing assembled in 
the team, in the form of project-specific practices, occupation-specific practices and 
framework practices, was insufficient to overcome the knowledge boundary that caused the 
interruption. In those cases where agents were not able to overcome the knowledge boundary, 
the interruption stopped their activities and forced them to self-distanciate, but after a period 
of effort to (unsuccessfully) resolve the interruption, they recommenced work, but on a 
 
 
171 
 
different aspect of the OI process than that where the interruption had occurred, in attempts to 
‘work around’ the interruption.   In such cases, the encountering of a knowledge boundary 
that agents were not able to overcome, diverted the path of the OI process.  As the underlying 
knowledge boundary had not been overcome, the interruption recurred the next time that 
agents attempted to progress that aspect of the OI process where they had encountered that 
knowledge boundary.  
 
 
 
Figure 6.8: Project-specific practice maturation, the cumulative creation of project-specific knowledge over time 
and embedding of this new knowledge in the project-specific practices created through repeated cycles of agents 
being switched from a state of absorbed coping to a state of theoretical detachment by encountering an 
interruption (knowledge boundary). Repeated embedding of new project-specific knowledge changes the form 
of the practice as it ‘matures’ (indicated by ‘shape changes’ along the bottom of the diagram). 
 
The proposed processual model of knowledge creation is conceptual in that it attempts to 
reflect the main features of the findings. However, it is important to remember that the 
overall knowledge creation process unfolding in each case was a composite, or the net result, 
of multiple productive interruptions (in which knowledge boundaries were overcome and 
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incremental project-specific knowledge was created) and unproductive interruptions (in 
which despite effortful self-distanciation by agents, knowledge boundaries were not 
overcome and no increments of project-specific knowledge were created). The phenomenon 
of knowledge creation in the two OI processes examined was therefore a complex collection 
of concurrent unfolding sequences of productive and non-productive interruptions13. 
The maturation process of a project-specific practice as described above, involves the 
accumulated embedding of sequentially produced new increments of project-specific 
knowledge in that project-specific practice as it evolves in step with its objects. I suggest then 
that this maturation of a project-specific practice can be understood as a ‘trajectory of 
becoming’. The study tracked these trajectories through time for the project-specific practices 
of diagnosis, scanning, recruitment and selection, identifying the agents, objects, practices 
and capabilities involved at several points in time for each trajectory. I suggest that this 
notion of ‘trajectory of becoming’ is analogous to a practitioner’s (e.g. a project manager’s) 
concept of ‘project progress’.  In project management practice, project progress is usually 
assessed on the extent of development of project objects and project capabilities (Project 
Management Institute, 2013) without consideration of the maturity of the practices that are 
intertwined with  these aspects of the project-specific knowledge created. I suggest that 
paying attention to the developing project-specific practices by following a project-specific 
practice’s trajectory of becoming, in addition to the traditional approach of following the 
development of project capabilities and objects, would provide a more realistic assessment of 
a project’s progress and provide project managers and participants greater insight to potential 
actions that could be taken to encourage project success. 
The three types of practice identified (Chapter 4) were observed to play different roles in 
knowledge creation. Findings reported in this chapter demonstrate that agents drew on these 
occupation-specific practices, framework practices and project-specific practices to co-create 
new project-specific practices to overcome the knowledge boundaries encountered.  I 
therefore suggest that agents drew on these existing practices once they had switched to the 
state of theoretical detachment and that it was while they were in this state that the factors 
found to enable or constrain the knowledge creation process exerted their influence. For 
example, agents’ heavy workloads, frequent travel and part-time allocation to the work, 
resulted in fragmented participation in the processes at play while the agents were 
 
13 And, in reality, of any within knowledge domain knowledge creation processes, as mentioned at the beginning 
of this section (not addressed by this conceptual model). 
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endeavouring to resolve the interruptions. The significant time agents spent involved in 
framework practices (intellectual property, ethics) also fragmented their efforts during these 
intense periods, thus constraining the development of the new project-specific practices. In 
contrast, the enabling factors, including senior agents’ familiarity of working with each other 
and acquired practices involving cross knowledge domain collaboration, would have 
supported the questioning, perspective taking and perspective making while agents were in 
the state of self-distanciation and thus would have supported the proposed process of project-
specific knowledge creation.  Likewise, the presence of brokers (human mediators) 
participating in these processes (e.g. clinicians, radiographer PhD students) would also have 
supported agents as they worked through these processes.  
 
6.5 Chapter Summary 
In this chapter I reported on the maturation of project-specific practices in the Platform 
Technology case and how agents ‘templated’ that OI process for the Application case. Based 
on these findings and those of earlier chapters, I then proposed a processual model for 
knowledge co-creation in an OI process. 
The maturation of project-specific practices in the Platform Technology was accomplished by 
agents encountering and overcoming successive knowledge boundaries by co-creating new 
project-specific practices, and then embedding the additional increments of project-specific 
knowledge so created in these project-specific practices. This maturation of project-specific 
practices was matched by the maturation of project-specific objects that agents developed 
while enacting these practices. The accumulation of these increments of new project-specific 
knowledge, produced as each knowledge boundary was overcome, resulted in the project-
specific practices ‘maturing’; that is, enacting the ‘matured’ practices enhanced the team’s 
capacity to carry out the projected clinical practice of diagnosing the MHC using MRS. By 
partitioning the data collected for the Platform Technology case into three temporal brackets, 
I showed that there were three more or less stable levels of capacity, reflecting three stages of 
project-specific practice maturity, representing three levels of project-specific knowing in the 
forms of project-specific practices and project-specific objects. 
Agents ‘templated’ the knowledge creation process for the Application case by drawing on 
the approach they used to create knowledge in the Platform Technology case in addition to 
using the technology they had developed. Agents developed new project-specific practices 
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for the MHC diagnosis by drawing on the project-specific practices they had developed for 
the Platform Technology and framework practices and occupation-specific practices that 
were available to them. In this way, I showed that project-specific practices created in a 
particular site of knowing (the Platform Technology case) were able to be appropriated and 
rendered suitable for the Application case site of knowing by creating new Application case-
specific knowledge from within that new site of knowing. I also argued that these templated 
project-specific practices could be understood as further project-specific practice maturation 
in a different context. 
Finally, I proposed a processual model of knowledge co-creation in an OI process. The model 
takes into account the findings of this study by proposing that interruptions (pragmatic 
knowledge boundaries) prompt agents to self-distanciate (Tsoukas, 2009) and that once in 
this state, agents are able, by mediating their existing knowledge with dialogue and objects, 
to co-create new project-specific knowledge in the form of project-specific practices and 
project-specific objects that enables them to ‘go on’ with the OI process.  
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Chapter 7:  Discussion 
 
7.1 Introduction 
While the OI literature is well-developed, most studies are at the level of the organisation and 
have examined instances of innovation, rather than longitudinal OI processes (Bogers, Zobel, 
Afuah et al., 2017).  Further, most studies have taken a cognitive view of knowledge in 
theorising OI, which does not fully take into account the social nature of knowledge and can 
result in an overly simplified understanding of how agents from different knowledge domains 
can understand each other sufficiently to create new knowledge (Swan, Newell & Nicolini, 
2016).  For this reason, I took the novel approach of using a practice-based view (Gheradi, 
2006; Gheradi & Nicolini, 2000) as the theoretical lens to explore knowledge creation in OI 
projects.  This perspective allows knowledge to be understood as socially constructed through 
the interaction of people and objects (Orlikowski & Scott, 2008) and to be inherently linked 
to the context of its creation (Bechky, 2003) and so this approach is capable of generating a 
richer theorisation of knowledge creation in OI projects.  The study focused on exploring the 
key aspects of Open Innovation: boundaries, knowledge flow and knowledge creation (Garud 
et al., 2013; Salter, Criscuolo & Ter Wal, 2014).  The research questions used to guide the 
study were: 
What role do boundaries play in knowledge flow and knowledge creation in an Open 
Innovation (OI) project? 
and, 
 How do boundaries shape the trajectory of an OI project?   
In line with the practice-based perspective, the study used a qualitative research approach and 
collected data using ethnographic methods over 17 months, in contrast to most studies in the 
OI literature that have used methods that only allowed the collection of ‘snapshot’ data of OI 
processes at particular moments in time and focused at the level of the organisation (Crossin 
& Apaydin, 2010; West et al., 2014). The study was therefore able to provide novel insights 
into OI not available elsewhere in the literature. Based on the findings, interpreted using the 
practice-based view of knowledge as the theoretical lens, a processual model of knowledge 
creation was proposed which formed the basis of a proposed practice-based conceptualisation 
of an OI endeavour. 
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The study identified three types of practices that agents enacted in the OI processes 
examined: occupation-specific practices, project-specific practices and framework practices. 
The study demonstrated that it was the knowledge boundaries that arose from differences in 
individuals’ practices, rather than between the organisations involved, which significantly 
interrupted the OI processes. To resolve these interruptions, agents drew on existing 
knowledge available to them, in the form of the three types of practices identified and the 
objects involved in those practices, to co-create new project-specific practices and project-
specific objects. This co-created project-specific knowledge enabled them to overcome the 
knowledge boundary causing the interruption and to go on with the OI process. By 
successively overcoming interruptions caused by knowledge boundaries, the teams were able 
to successively co-create new project-specific knowledge that enabled the OI processes to 
progress over time. These findings formed the basis of a proposed processual model of 
knowledge creation in the OI processes, involving successive encountering and overcoming 
of boundaries to create new-project specific knowledge.  Where knowledge boundaries are 
not overcome, no new project-specific knowledge is created.  It is the overall sum of 
knowledge boundaries being overcome and not overcome, that shapes the trajectory of the OI 
project.   
This chapter discusses these findings first in the light of the practice-based view of 
knowledge literature. This discussion is set out in line with the three strands of the findings: 
knowledge boundaries and the practices enacted to overcome them (Chapter 4), creating 
knowledge by resolving interruptions (Chapter 5) and cumulative knowledge creation over 
time (Chapter 6). I then discuss the implications of the findings for open innovation (OI) 
processes, using concepts and nomenclature from the OI literature. That discussion is set out 
in line with the three central elements of OI as identified in the Literature Review (Chapter 
2): boundaries, knowledge flow and knowledge creation. In each of these discussions, I 
identify alignments with the literature and the contributions that this study makes to that 
literature.  
I begin the discussion of the findings from the practice-based view by considering the 
knowledge boundaries and practices observed in the two OI processes and the characteristics 
of the context that influenced knowledge creation and how some agents were able to act as 
boundary-spanners. I then discuss the three types of practice agents enacted in these OI 
process, how agents used these to co-create new project-specific practices, how these 
practices could become intertwined to constrain or enable project-specific knowledge 
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creation, and the role of each type of practice in project-specific knowledge creation. The 
second section discusses knowledge ‘flow’ and project-specific knowledge creation: how 
agents overcame the knowledge boundaries that emerged by co-creating project-specific 
practices, drawing on existing practices available to them to enable knowledge ‘flow’. I argue 
that interruptions caused by knowledge boundaries prompted agents to self-distanciate 
(Sandberg & Tsoukas, 2011), which offered them the opportunity to create new project-
specific knowledge. I also discuss their unsuccessful attempts to overcome knowledge 
boundaries and re-emerging knowledge boundaries. In the final part of the discussion of 
findings from the practice-based view, I discuss how project-specific knowledge was created 
over time. Here, I discuss the concept of project-specific practice maturation that I developed 
to capture the observed increasing capacity to carry out the social and material activities of 
the envisaged final clinical practices and the notion of ‘templating’ an OI process in a new 
context. I then draw on the findings to propose a conceptual processual model of knowledge 
creation based on the insights that: interruptions provide agents with the opportunity to self-
distanciate; agents create project-specific knowledge when they overcome a knowledge 
boundary;  they create successive project-specific knowledge increments as they overcome 
successive knowledge boundaries. 
The discussion of the findings from the perspective of the OI literature begins by noting the 
differences and similarities of conceptualisations of the term of ‘boundary’ in the practice-
based literature and the OI literature. I then discuss the notion of knowledge ‘flow’ as used in 
the OI literature from a practice-based view, focusing on the terms of ‘porosity’ and 
‘overcoming knowledge boundaries’ used in the literature. Using a practice-based view, I 
gained additional insights  into the dynamic nature of knowledge boundaries and therefore 
also a deeper understanding of knowledge ‘flow’ in OI endeavours. In discussing knowledge 
creation, I contrast the Socialisation, Externalisation, Combination and Internalisation (SECI) 
model of knowledge creation (Nonaka, 2006; Nonaka & Takeuchi, 1995) that underpins 
much of the OI literature with the processual model of knowledge creation proposed in this 
study, pointing out the additional insights from this study that enrich the theorisation of OI. 
Using the proposed processual model of knowledge creation and insights about OI gained 
from taking a practice-based view, I then propose some foundational elements of a practice-
based view of OI. I finish the chapter with a summary of its main points. 
 
 
 
 
178 
 
7.2 Discussion of findings interpreted using the practice-based view 
7.2.1 Knowledge boundaries in the OI processes 
While expertise in different knowledge domains is essential for creating knowledge to 
address complex real world issues (Chesbrough, 2003; Tell, 2011), the practice-based 
literature dealing with knowledge tells us that knowledge boundaries are likely to arise 
between agents as a result of their differences in practice (Dougherty & Dunne, 2012; Levina 
& Vaast, 2005; Swan et al., 2007) and that they can limit mutual understanding and therefore 
constrain knowledge creation processes. The differing expertise agents brought with them to 
the OI processes examined in this study therefore determined the propensity for knowledge 
boundaries to arise. As the knowledge boundaries examined in this study were so significant 
that they halted knowledge creation, I interpreted the knowledge boundaries encountered in 
this study as pragmatic boundaries, in line with descriptions of the relative complexities of 
knowledge boundaries (Carlile, 2004).  Recognising the knowledge boundaries encountered 
in this study as pragmatic boundaries is consistent with the differing objectives of the agents 
involved, their different languages and differing ‘ends’ (Carlile, 2002) that motivated them.  
For example, researchers’ key ‘end’ was to explore possibilities while clinicians’ ‘end’ was to 
help patients and commercials’ ‘end’ was to maintain a profitable business.   
The practice-based literature has identified three means for agents to overcome knowledge 
boundaries: dialogically (Majchrzak et al., 2011; Siedlok et al., 2014; Tsoukas, 2009); 
through mediation of knowing by objects (Swan, Bresnen, Newell & Robertson, 2007; 
Svabo, 2009); and by sharing practice (Barley, 2015; Bruns, 2013; Carlile & Rebentisch, 
2003). Of these studies, most of those contexts involving creative rather than day-to-day 
work and involving collaborations between organisations rather than a single organisation, 
(e.g. Levina & Vaast, 2005; Kaplan et al., 2017; McNair et al., 2015; Swan et al., 2007), also 
involved the sharing and development of practice to overcome knowledge boundaries 
encountered. 
This suggests that when agents encounter complex boundaries such as the pragmatic 
boundaries observed in this study, they need to share practice or co-develop new practice to 
overcome them.  This was in fact observed in this study.   
The method used to identify knowledge boundaries, observing interruptions, by its nature 
allowed only for detection of interruptions that were sufficiently extensive to disrupt 
knowledge creation.  While it was suitable for the study, as data from extreme cases helps to 
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reveal underlying processes (Yin, 2014), it was perhaps pre-disposed to identifying pragmatic 
knowledge boundaries and may not have identified less significant knowledge boundaries 
(e.g. semantic or syntactic knowledge boundaries (Carlile, 2002, 2004). Therefore, these 
types of knowledge boundaries may have arisen in the cases observed, been overcome and 
thus have allowed knowledge creation without anyone’s observation of any interruption to 
the OI process. For example, knowledge boundaries between the scientists and the 
radiographers were overcome and the project-specific practice of Scanning, as discussed in 
Chapter 4, was co-created by the agents engaging in extended dialogic and object-mediated 
interactions while working side by side at the device console. However, this ‘interruption-
free’ work of the agents with their differing knowledge, was only able to proceed after the 
extensive interruption that did involve knowledge boundaries (due to the difficulties in 
securing scanning time on the device, as described earlier in this chapter) had been resolved. 
The dominance of knowledge boundaries over organisational boundaries in influencing the 
OI processes was not surprising to the agents involved. They assumed that they would be able 
to understand others who shared their occupation, as explained in the practice-based literature 
(e.g. Brown & Duguid, 1991; Lave, 2010) as individuals sharing occupational practice can 
easily understand each other no matter which organisation they are employed by (Szulanski, 
1996). Agents were, however, surprised when knowledge boundaries that significantly 
interrupted the Application case OI process arose within the clinician grouping. While 
superficially this group seemed to share practice (attending to patient health), in fact, upon 
closer inspection, their practices involved different objects: physical illness, devices, patient 
physical responses, wards and medications (for the surgeon, nurse, nurse manager) compared 
with: mental illness, office, talking therapy and inferred diagnoses (for the psychologist). The 
‘sameness’ of the clinicians had been taken for granted by the whole team. The knowledge 
boundary this difference caused became obvious as the team attempted to co-create new 
project-specific knowledge by drawing on existing occupation-specific practices and objects 
and framework practices. In one instance, this unexpected knowledge boundary caused one 
agent to call into question the professionalism of another agent. This recourse to attributing 
difficulties in the OI process to personal qualities could have been avoided with a clearer 
understanding of role of knowledge boundaries in the OI process.  
Agents whose practices involved physical objects, the ‘physical’ clinicians and the scientists, 
shared conceptualisation of the MHC as a physical condition, amenable to practices involving 
physical objects. This was in contrast to the psychologist, who did not and did not want to 
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conceptualise the MHC in this way. It is also possible to see similarities between scientists 
and physical clinicians’ sites of knowing, if one understands the laboratory as analogous to a 
ward or an operating theatre. From this perspective, the safe, confidential office of the 
psychologist as the site of occupation-specific knowledge involving the MHC must have 
seemed like alien terrain to the agents using physical objects in their practices. This 
knowledge boundary acted to constrain project-specific knowledge creation, but also to 
sideline the psychologist and give rise to emotional as well as epistemic conflict. It was not 
until several months after the third psychologist had joined the team that agents using 
physical objects in their practices began to acknowledge the expertise available to them 
through the psychologist (as recounted in Chapter 5 with respect to the different measuring 
techniques for the MHC). These findings highlight the importance of considering in detail 
agents’ occupation-specific practices rather than taking those practices for granted, as 
inferred from an occupational label. It is important to closely examine not only the sayings 
and doings of occupation-specific practices, but also the objects involved in these activities 
and their sites of knowing (Nicolini, 2011; Nicolini, 2012).  
Agents’ involvement with physical compared with conceptual objects in their practices also 
caused a secondary constraint to knowledge creation through their differing 
conceptualisations of the project objective. Having a clear, accepted objective is known to 
support collaborative knowledge work efforts (McNair et al., 2015) but the researchers and 
the physical clinicians conceptualised the MHC differently from the conceptual clinician (the 
psychologist), which led to widely differing conceptualisations of the Application project’s 
objective. For the agents dealing with physical objects, the objective was clear: use a device 
to detect a physical problem. For the psychologist however, the project’s objective of 
‘detecting the MHC using MRS’ was nonsensical, as from that perspective, the MHC 
couldn’t be detected with a device as it was a conceptual object. During the study, the 
objective changed from detecting the MHC to quantifying the extent of the MHC. This 
widened the gap in conceptualisations of the objective even further, additionally constraining 
knowledge creation. These findings support previous work reported in the practice-based 
literature (Osterlund & Carlile, 2005) by illustrating the importance of a shared objective to 
enabling knowledge creation; additionally, they show how the use of objects of different 
natures (physical compared with conceptual) contributed to weakening the extent to which 
the agents shared the project objective and thus also constrained knowledge creation.  
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Differences in practice (boundaries, from the practice-based view) influenced agents’ 
attitudes towards those in other expertise groupings by affecting their openness to 
suggestions, their willingness to listen, by interpreting actions from their own perspective 
rather than the other’s perspective, and by letting previous experience with other occupational 
groups influence their perception of agents in these cases. I suggest that these attitudes had a 
constraining effect on knowledge creation in the OI processes examined. Researchers’ and 
clinicians’ differing attitudes to the MRS device coloured their attitudes to each other. While 
researchers were keen to ‘push’ the device (and possibly damage it, taking it out of action) 
clinicians couldn’t understand researchers ‘playing’ with expensive, much needed equipment, 
which limited their patience in their interactions with researchers and gave rise to conflict, as 
described in Chapter 5, when accessing time on the device at the shared facility. The 
clinician, recounting advice from a senior clinician, declared that, ‘there’s no such thing as a 
research emergency’ (and therefore, there is no need to respond instantly to researcher 
requests, or attend project meetings), which may have constrained the clinicians when 
investigating new possibilities suggested by the researchers. Conversely, perhaps the 
researchers’ readiness to request work before full consideration may have created 
unnecessary workload.  
Examining the details of each agent’s practices and objects (Table 4.1) exposed the expected 
knowledge boundaries and also identified some similarities between groups of agents. While 
there were significant differences in practices, objects and sites of knowing between 
researchers and clinicians, commercial agents shared some practices with researchers and 
clinicians through their development of their instrumentation (researcher practices at 
researcher sites of knowing) and the use of their equipment (clinician practices at clinical 
sites of knowing). They also shared ends with the researchers (how can we explore this?) and 
the clinicians (patient well-being). As a result, the commercials were able to act in a 
boundary-spanning or brokering capacity (Marabelli et al., 2014) to mediate knowledge 
between the researchers and the clinicians. The project leader strategically created additional 
boundary-spanners by recruiting experienced radiographers as PhD students, in effect 
additionally equipping clinicians with researcher practices to create ‘hybrid’ agents (Lam, 
2007) who would be able to mediate the knowledge created in the project with the final users 
of the innovation, other radiographers and radiologists. This strategy was successful for some 
radiographer PhD students, but not for others, due to the extreme differences in their 
practices. An awareness of the underlying processes driven by differences in practice may 
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have helped the PhD students by adjusting their expectations and may, perhaps, have 
encouraged the project leader to create and enact more extensive onboarding practices.  
7.2.2 Practices in the OI projects 
The study identified three types of practice being enacted in the OI projects: occupation-
specific practices, project-specific practices and framework practices.  All three types of 
practice were identified in both cases, suggesting that at least in similar contexts, we may 
expect these types of practice to be enacted. Occupation-specific practices have been 
extensively reported through the Community of Practice literature (e.g. Brown & Duguid, 
1991; Carlile & Rebentisch, 2003; Grandori, 2001; Kotlarsky et al., 2014; Lave & Wenger, 
1991) and also by practice-based authors examining collaborative knowledge work across 
disciplines and functions (Bechky, 2003b; Carlile, 2002, 2004).  Project-specific practices 
were those practices that agents only enacted in a specific project (the Platform Technology 
case or the Application case).  Framework practices were those practices enacted in the two 
cases and also elsewhere in agents’ work, either elsewhere within the Institute, or in their 
roles at their universities, hospitals or private practices.  Framework practices provided the 
more or less stable (but not unchanging) foundation on which the knowledge creation work 
took place (e.g. ethics, legal considerations, management).  While practice-based studies of 
expert collaboration have described some of the practices involved in collaborative 
knowledge work, (e.g. Bruns, 2013; Hargadon & Bechky, 2006; Kaplan et al., 2017), authors 
have not extended their theorisation to explicitly identify types of practices to distinguish 
between the practices reported.  Therefore, this differentiation between types of practices 
involved in an OI process is novel and provides a means by which to unravel the interaction 
between practices that it was this differentiation that enabled project-specific knowledge 
creation in the two cases observed. I will now discuss the notion of project-specific practices 
and framework practices in the following paragraphs. 
Previous work has not explicitly identified project-specific practices, though authors have 
reported practices that I will argue can be identified as such.  For example, authors describing 
practices that agents have used to understand each other include Hargardon and Bechky who 
developed their 2006 model of collective creativity involving four types of social interaction; 
Kaplan et al. who wrote in 2017 of the symbiont practices developed by PhD students to link 
understandings between themselves and their heterogeneous expert supervisors; and finally, 
Majchrzak et al. who, in 2011 wrote a  detailed description of the five practices that the teams 
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they studied developed to enable mutual understanding without deep dialogical engagement. 
Other authors have described the nature of the practices they observed: Ben-Menahem et al. 
(2016) reported formal and informal coordination practices that interweave and co-evolve; 
Bruns (2013) described a set of shared practices and collaborative practices that enable agents 
to develop novel expertise; Dougherty and Dunne (2012) reported a ‘transformation of the 
innovation activities themselves’ in knowledge work; Gheradi (2009) spoke of the possibility 
of new practices developing between disciplines; Nicolini (2011) described the ‘weaving 
together’ of knowledges to accomplish ‘translation by contact’; and Gheradi and Nicolini 
(2000) proposed a ‘continuous process through which knowledge practices emerge’.  
These detailed descriptions of practices and more general descriptions of the nature of the 
practices observed, are suggestive of the types of practices that I identified in this study as 
‘project-specific’ practices, as they were observed within the conduct of the collaborative 
knowledge creation projects. For example, in Levina and Vaast’s (2005) description of the 
emergence of boundary spanning practices, they recount that agents had to produce “a new 
joint field of practice” (p. 335). Similarly, Olsen (2009) found emerging practices and an 
‘intertwining of work practices’ (p. 398) and reported that agents overcame disciplinary 
diversity by “creating common practices” (p. 398). Swan et al. (2002) and Swan et al. (2007) 
reported the need to develop new joint practice and both Kellogg et al. (2006) and Bruns 
(2013) reported on co-created collaborative practices. Given the definitions developed in this 
study for each type of practice (Chapter 4), I argue that the practices reported by these 
authors fit the definition of project-specific practices proposed in this study. They are project-
specific practices because knowing is always situated, so collaborative practices created in a 
particular collaborative endeavour (the site of knowing (Nicolini, 2011)) must be specific to 
that endeavour.  
The concept of project-specific practice developed in this study builds on Cacciatori’s (2012) 
typology of artefacts (objects) as either occupation-specific (e.g. an Excel workbook used to 
estimate costs) or generic (e.g. bidding procedures). Cacciatori distinguished between the 
types of objects involved in the development process of new routines in order to distinguish 
between their different roles in that process; whereas in this study, I distinguish between the 
types of practices involved in the creation of new project-specific knowledge in order to 
distinguish between their different roles in that process. I argue that agents in this study 
purposefully created new project-specific knowledge in the form of project-specific practices 
in an analogous way to that in which Cacciatori reported that agents deliberately crafted 
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occupation-specific artefacts for their particular role in the development of new routines 
(Cacciatori, 2012), thus I extend the theorisation of the role of practices in knowledge 
creation in an OI process. 
Whereas project-specific practices were only enacted in the projects which they were specific 
to, framework practices permeated the work of both cases.  Framework practices enacted 
were familiar to agents, and indeed some were a constant frustration to them, such as dealing 
with extensive ethics requirements and ensuring that intellectual property considerations were 
dealt with before work actually began. The study showed how framework practices interfered 
with knowledge creation, as demonstrated by the difficulties arising for the team in securing 
time on the device. In that case, conflict arising from differences in occupational practices 
between researchers and radiographers impacted the framework practice of rostering of 
radiographers to the centre, which in turn prevented the team from being able to scan 
participants and delayed the project for several weeks. While researchers may have perceived 
framework practices as only constraining their projects, I suggest that framework practices 
were taken for granted by the agents until they constrained their project work.  At other times, 
when the framework practices supported agents and their work in the cases (e.g. recruiting a 
new team member, salaries being paid on time, staff recognised for promotion) framework 
practices were not noticed.  The constraining role of framework practices highlighted in this 
study relates to the empirical method used to identify knowledge boundaries.  This method 
focused on interruptions, which were readily discernible, rather than on all the times that the 
project work was supported, and so focused on teasing apart the causes of those interruptions, 
thus uncovering only the constraining role of framework practices in these interruptions.    
The interconnectedness of the three types of practice implies that the overall OI process is the 
net result of the enactment of all three types of practice, some of which are obvious to agents 
and some of which are taken for granted by them.   The templating the OI process for the 
Application case illustrates the complexity of this interdependence. Whereas the OI process 
for the Platform Technology was supported by a diagnostic practice already in place that 
could be modified for enacting by the same agents using different objects and the new MRS 
technology, for the Application case no such practice existed.  An entirely new set of 
practices had to be created involving new agents as well as new objects.  The task of that 
project therefore included the development of agents that were amenable to, and capable of 
enacting a completely new practice, involving new concepts and new physical objects. This 
lack of existing agents (differing context) whose practice involved both the MHC and the 
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MRS device significantly reduced the effectiveness of the team’s strategy of setting up agents 
as brokers (McGivern et al., 2016; Siedlok et al., 2014) and thereby constrained project-
specific knowledge creation. In the Platform Technology case they had successfully used the 
surgeon to broker understanding between researchers and clinicians (radiologists and 
surgeons) and the radiographer-PhD students as brokers to link with the other clinicians 
involved in the existing and new practice (radiographers and radiologists). This was an 
effective strategy because it used agents who shared aspects of practice with researchers and 
physical clinicians (clinicians using physical objects in their occupation-specific practices), 
thus enabling understanding between those researchers and the clinicians who would 
eventually use the new MRS diagnostic practice. However, in the Application case, the 
surgeon and the radiographer-PhD students had no enacters of the new practices to engage 
with, to bridge understanding between research practices and psychological practices. 
Comparing these two cases illustrates the impact of a different context (involving different 
occupation-specific practices and framework practices) on the creation of project-specific 
practices through the inherent interdependency of the three types of practices.  In the 
illustration above, the team’s brokering strategy was rendered ineffective by the change in 
context and thus illustrates that brokering (as a process dealing with knowledge) is also 
affected by changes in the nature of the three types of practice.   
7.2.3 Creating knowledge and knowledge flow  
In discussing knowledge creation, it is important to demonstrate that in the cases examined, 
the data collected did in fact indicate that knowledge had been created. To demonstrate this, I 
refer to the definition of knowledge from the practice-based view provided by Nicolini (2012: 
5): knowledge is “a form of mastery that is expressed in the capacity to carry out a social and 
material activity”. This definition is important to this study because agents’ ‘increased 
capacity to carry out the social and material activities’ of diagnosing pre-cancerous cell 
changes (the Platform Technology) and diagnosing the MHC (Application) that were evident 
in the data collected, demonstrated that knowledge was actually created in these cases. The 
conclusion that new knowledge was created is also supported by evidence that over the 
course of the study the teams became able to draw new distinctions (Tsoukas, 2009) as 
manifested in the creation of new project-specific practices that enabled enhanced 
capabilities.  
The study demonstrated that each of the three types of practice identified, discussed above, 
played a different role in project-specific knowledge creation, the creation of project-specific 
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practices and objects. It showed that agents drew on existing knowledge, in the form of 
occupation-specific practices, existing project-specific practices and framework practices to 
create the new project-specific practices that enabled them to overcome the knowledge 
boundaries that interrupted the OI processes. Agents drew on and adapted their occupation-
specific practices, acquired from their occupational communities, and existing project-
specific practices, to co-create new or adapted project-specific practices and new or adapted 
project-specific objects. As agents enacted many of the framework practices encountered in 
these projects outside of these cases in their other project work, they were able to draw on 
them as they attempted to co-create project-specific practices. Agents accomplished this 
through dialogic engagement and also through non-dialogic engagement in shared practice. 
The new knowledge created was embedded in the new practices and objects created and 
enabled enhanced capability of the OI process.  This mechanism of project-specific 
knowledge creation implies a deep level of interconnectedness between practices as they 
were being enacted. 
The study identified interruptions to the flow of the OI work as an important precursor to 
knowledge creation. Interruptions involving knowledge boundaries were either productive, in 
which the knowledge boundary was overcome and project-specific knowledge was created; 
unproductive, in which the knowledge boundary was not overcome and no new project-
specific knowledge was created; or reproductive, where project-specific knowledge had to be 
re-created due to a previously overcome knowledge boundary re-emerging.  Where project-
specific knowledge was created by overcoming boundaries, it was in the form of project-
specific practices, project-specific objects and expanded capabilities. Overcoming knowledge 
boundaries enabled knowledge to ‘flow’ (Dodgson, Gann & Salter, 2008; Westergren & 
Holmstrom, 2012; Du Chatenier et al., 2009), that is, existing knowledge (e.g. occupation-
specific practices, framework practices, existing project-specific practices) could be accessed 
by other members of the team. For unproductive interruptions, team members either were 
able either to self-distanciate but failed to create the project-specific knowledge required to 
overcome the knowledge boundary; or they were not able to reach the state of self-
distanciation and worked around the interruption by pursuing other lines of work. A 
reproductive interruption involves the re-creation of the project-specific practice and project-
specific objects that were initially created to overcome that knowledge boundary. 
When agents were unsuccessful in co-creating project-specific practices to bridge knowledge 
boundaries, the interruption recurred. This was illustrated by interruptions relating to the 
 
 
187 
 
‘clean cohort’ (Chapter 5). Agents interacted intensively dialogically but were not able to 
progress beyond this. Intensive discussions recurred intermittently at the weekly meetings 
with no breakthrough. This may have been because the scientists and physical clinicians had 
not managed to fully self-distanciate and as a consequence did not reach the point of 
questioning their familiar practices and understandings sufficiently to consciously hear the 
psychologist’s statements about a ‘clean cohort’ for the MHC being theoretically impossible. 
I suggest that this continuance of the ‘absorbed coping’ state by agents (except for the 
psychologist) was strengthened by their determination to achieve their ‘ends’ (Carlile, 2002), 
(that is, to successfully apply the Platform Technology to another health concern) and the 
sense of urgency they felt relating to their occupation-specific practices.  For example, the 
researchers’ occupation-specific practices of publishing and sourcing research funding 
contributed to their sense of time pressure.  Similarly, the clinician’s occupation-specific 
practices focused on helping patients and on being seen to help patients, neither of which they 
were achieving during this interruption.  In contrast, the psychologist quickly moved from 
absorbed coping to theoretical detachment on hearing for the first time the team’s need for a 
‘clean cohort’. Perhaps this rapid disruption of absorbed coping was due to the stark contrast 
between the psychological knowing about the MHC compared with the team’s requirements. 
The remainder of the team, lacking this occupation-specific knowing, continued to pursue 
their conception of the ‘clean cohort’. 
The study also identified an important instance of a knowledge boundary in the Platform 
Technology case that had previously been overcome by creating new project-specific 
practices, re-emerging once those project-specific practices were no longer being enacted 
faithfully. A scanning practice (a project-specific practice) had been developed at a partner 
laboratory when one of the senior researchers was based there, but without the necessary 
work of maintenance, this project-specific practice began to disintegrate, as evidenced by the 
deterioration in quality of the scanning data produced by that laboratory, to the point where 
the data could not be used. This caused an interruption to the project and necessitated the re-
development of the project-specific practice of scanning at that site of knowing. Hence, 
project-specific knowing is created when a knowledge boundary is overcome by creating a 
project-specific practice, but it is lost when that practice is not re-enacted with the necessary 
fidelity, allowing the knowledge boundary to re-emerge, causing an interruption. This 
suggests that overcoming knowledge boundaries is not a permanent achievement, and that 
knowledge boundaries are dynamic, continually changing as the nature of the knowledge that 
 
 
188 
 
generates them continually emerges. As a consequence of the non-static nature of practices 
themselves, always in flux, always becoming (Chia & Holt, 2008), effort must be exerted by 
agents, in the form of faithful re-enactment of those practices, to ensure the stability of the 
project-specific practices bridging the knowledge boundary. 
While the study focused on knowledge creation by agents from different knowledge domains 
and therefore necessarily involved overcoming knowledge boundaries, instances of ‘in-
discipline’ knowledge creation were observed involving the researchers. The parallel 
processes of cross-discipline and in-discipline knowledge creation are similar to those 
observed by Bruns (2013) in her study of specialists from different disciplines co-creating 
knowledge in a university context, which  can be understood as an OI process. She called this 
phenomenon of in-discipline and cross-discipline knowledge creation “working alone 
together” (p.  62). 
7.2.4 Ongoing knowledge creation in the OI processes 
7.2.4.1 Practice maturation 
The study identified a pattern in the way that agents created knowledge. This pattern involved 
agents initially strategising their approach based on their knowing at that time, then enacting 
those series of planned actions with the objects identified. Work continued until there was an 
interruption. Those interruptions provided agents with the opportunity to self-distanciate 
(which they did not always recognise or take up), and to draw new project-specific 
distinctions. They embedded this new project-specific knowledge created in new or modified 
project-specific practices as a means of overcoming the knowledge boundary encountered 
and to ‘go on’ with their OI project. These new project-specific practices were adapted and 
created by agents drawing on their occupation-specific knowing, framework practices and 
knowing they had acquired in undertaking collaborative knowledge work previously. Agents 
then continued until the next interruption, when further self-distanciation was prompted and 
they attempted to further develop project-specific practices. This ongoing development and 
creation of project-specific practices, which involved the co-evolution of the objects involved 
in those practices, I called practice maturation. Practice maturation was therefore 
accomplished by the successive embedding of the project-specific knowledge increments 
created each time a knowledge boundary was overcome in project-specific practices and in 
objects. Using this approach, I was able to follow the creation of project-specific knowledge 
over time by following the changing form of the project-specific practices and the changing 
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form of the project-specific objects agents used in enacting those practices. While the 
practice-based literature has reported on the development of new practices in knowledge 
creation endeavours (Bruns, 2013; Levina & Vaast, 2005; Kaplan et al., 2017; Swan et al., 
2007), the identification of a process of project-specific practice maturation is novel and 
enables further exploration of knowledge creation in OI processes.  
This process of project-specific practice maturation, involving the evolution of practices as 
the OI process progresses, can be understood as analogous to the evolution of objects 
reported by McGivern and Dobson (2010) in a biomedical OI network. In that OI process, the 
authors reported the transformation of epistemic objects from academic science (the 
fundamental research on which the OI process was based) into technical objects (in that case, 
healthcare services) as the OI process progressed. In this study, I propose a development over 
time, not just of the objects involved in the OI process, but also of the project-specific 
practices that involved those objects in the OI processes. The evidence for this maturation 
process comprised snapshots of the project-specific practices, together with the agents and 
the objects involved at various points in time, collated over the study period. Examined 
together, these snapshots presented the progressive evolution of these project-specific 
practices, as new knowledge was embedded in them as successive knowledge boundaries 
were encountered and overcome; and they further illustrated the maturation trajectory of that 
project-specific practice over the course of the OI project.  I illustrated this using the project-
specific practice of diagnosis for the Platform Technology case. 
The project-specific practice of diagnosis developed in complexity over time, evolving in 
step with its objects. As this project-specific practice matured, its form changed to involve 
different agents and different knowledge domains. The net result over time was that this 
project-specific practice became more capable of accomplishing its envisaged functionality, 
that is, its capability developed towards that of the envisaged project objective. The Platform 
Technology case provided a more well-developed example of this phenomenon than the 
Application case, which was in its early phase. However, the Application case did provide 
examples of maturing project-specific practices in the recruitment and selection practices, 
obtained by following the developments in these project-specific practices resulting from 
agents adapting them from existing practices and incorporating new project-specific 
knowledge.  The project-specific practices created in this study to overcome the knowledge 
boundaries were highly interdependent (temporally and functionally) and constituted a nexus 
of practices, unique to each OI project. 
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7.2.4.2 Templating an OI process: Knowledge creation in a new context  
In ‘templating’ the OI process for the Application case, agents drew on the knowledge they 
had created in the Platform Technology case. This knowledge consisted of the project-
specific practices and project-specific objects they had created for the Platform Technology, 
but importantly, also of the process they had engaged in to develop that technology. Having 
developed the Platform Technology OI process over the preceding decades, in effect, they 
drew on their knowing about creating an OI process to template another OI process. In this 
way, a templated OI process can be understood as a form of practice maturation14: the 
additional maturation of project-specific practices developed in one context to render those 
practices suitable to the templated context.  The further development of Platform Technology 
project-specific practices in the Application context can be understood as a continuance of 
the maturation trajectory of Platform Technology practices, but in a new context, as proposed 
in Chapter 5. In the templating process, the team were able to appropriate the Platform 
Technology project-specific practices and render them suitable for the Application context by 
purposefully creating new knowledge from within that new context which they did by 
drawing on occupation-specific practices (embodied in the psychologist) in that context. 
Therefore, successful ‘templating’ also requires the involvement of agents whose practices 
and objects were developed in that new context.  
An important enabler of the templating approach to developing the new OI process was the 
common knowledge (Carlile, 2004) that the senior agents (Chief Investigator, surgeon and 
imaging expert) had co-created as they shared practice over their decades of collaboration in 
the Platform Technology OI process. These practices included willingness to listen, listening 
and questioning, and discussing ideas to ‘think’ together. These shared practices contributed 
to building trust between those agents. In addition, the senior agents had all worked in multi-
disciplinary OI projects for decades, and thus had extensively observed the practices of 
agents from those other knowledge domains. They had become familiar with those agents’ 
practices and ends (Carlile, 2002), thus acquiring what some authors have called interactional 
expertise (Collins & Evans, 2007; Collins, Evans & Gorman, 2010). Interactional expertise is 
the ability to speak the language of the other discipline but not fully participate in its practices 
(Collins & Evans, 2007). This interactional expertise, coupled with their dialogical practices 
 
14 I consider some implications of templating later in this chapter.  Although in this instance agents templated 
just within this team, the concept of templating could be used within organisations to ‘re-use’ the knowledge 
developed in early stages of an OI endeavour at later stages of that endeavour (templating through time) or in a 
different OI process (templating between projects). 
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described in earlier chapters, enabled  the senior agents to work together with few 
interruptions. In contrast, the Application case suffered multiple interruptions which I argue 
were caused by the lack of interactional expertise pertaining to psychological practices rather 
than by the complexity of the technology.  The senior agents, used to engaging across 
previously encountered disciplines with significant expertise, may have taken for granted 
their ability to engage with a novel area of expertise. Several interruptions in this OI process 
eventually prompted these agents to consider the possibility that the relatively unfamiliar (to 
them) psychological expertise available to them, could provide valuable, unexpected 
contributions. Further, perhaps agents’ familiarity with the technology caused them to take 
other social aspects of the knowledge creation work for granted. In this way, the study 
demonstrated how practices acquired in overcoming knowledge boundaries, such as 
interdisciplinary expertise, are context specific, and therefore cannot be taken for granted. 
While the practice-based view of knowledge recognises the context dependency of all 
knowledge, in the intense environment of these OI processes, agents drew on whatever 
knowledge was available to them and may not have been able to exercise sufficient 
perspective to recognise the insufficiency of some of that knowledge. Thus, even practices 
developed to engage with agents across disciplines need to be transformed for enacting in a 
new context.  
7.2.4.3 The role of interruptions in ongoing knowledge creation 
The occurrence of an interruption was used to signal the possible existence of a knowledge 
boundary. While enacting a practice, individuals are not aware that they are ‘practising’: they 
know how to ‘go on’ and unconsciously respond to their environment and are said to be in a 
state of ‘absorbed coping’ (Sandberg & Tsoukas, 2011). This entwinement with the world is 
consistent with a logic of practice and is our primary way of engaging with the world 
(Sandberg & Dall’Alba, 2009).  However, the occurrence of an interruption interferes with 
this spontaneous enactment of a practice, causing a breakdown. Researchers propose two 
forms of breakdown–temporary and complete (Sandberg & Tsoukas, 2011). In a temporary 
breakdown, agents become aware of the problem that has arisen as something requiring 
remedial action on their part in order to resume their practice. They focus on this problem as 
a theme in order to address it and are said to have then moved from absorbed coping to 
‘thematic deliberation’ (Sandberg & Tsoukas, 2011). In a complete breakdown, agents ‘wake 
up’ from their unconscious practice and now perceive the component parts of their practice 
that were previously working harmoniously together, as separate entities and are now said to 
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have shifted into a state of theoretical detachment (Sandberg & Tsoukas, 2011). Absorbed 
coping has been completely disrupted.  
The practice-based literature has identified the important role of productive dialogue (Kogler, 
1996) in the creation of new knowledge. Tsoukas (2009) argued that creating new knowledge 
involves agents being able to draw new distinctions within a domain of action (Tsoukas & 
Vladimirou, 2001). Productive dialogue, involving deep engagement between agents, can 
enable agents to distance themselves from their habitual unconscious ways of enacting their 
practices. Through this distancing, or ‘self-distanciation’ (Tsoukas, 2009), agents enter a state 
in which they are able to gain critical insight to their practices. It is these new insights that 
Tsoukas says lead to new distinctions (new knowledge).  
The interruptions identified in this study were complete breakdowns because they stopped the 
flow of work and agents were not able to undertake remedial action to re-commence enacting 
their practice. These interruptions caused by knowledge boundaries prompted agents to 
switch from absorbed coping to theoretical detachment, thereby providing themselves with 
the opportunity to become conscious of their own and others’ practices and of the different 
objects involved, and to reflect on why they were doing what they were doing and to question 
each other about possible alternative approaches. Thus, encountering an interruption due to 
knowledge boundaries and not knowing how to ‘go on’, provided the opportunity for agents 
to enter a productive state of awareness, which the practice-based literature has identified as 
playing a critical role in the creation of new knowledge, self-distanciation (Tsoukas, 1996, 
2009).  Therefore, this study has demonstrated that it is possible for agents to enter a state of 
self-distanciation by encountering an interruption.  The study has, then, identified 
interruptions as an alternative means to productive dialogue through which agents can enter a 
state of self-distanciation, a necessary step in the creation of knowledge. 
I therefore argue that the interruptions encountered in this study played an important role in 
knowledge creation by providing agents with the opportunity to self-distanciate and then to 
re-strategise their approach.  In collaborative knowledge work, interruptions between 
knowledge domains have been reported by other authors as breakdowns.  Their work 
supports the conclusion that interruptions are important in knowledge creation.  In the case of 
epistemic breakdowns (Mengis, Nicolini & Swan, 2018) the authors reported that 
coordination actions were insufficient to resolve the breakdown; that actors had to create new 
knowledge to be able to go on.  Another study of collaboration between scientists from 
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different knowledge domains (Bruns, 2013) found that experimental breakdown provoked 
deliberation about practice, which developed into agents’ creating new practices. Similarly, a 
study of co-evolving strategy and structure (Jarzabkowski, Le & Balogun, 2018) identified 
breakdowns triggered by the unintended consequences of strategised actions.  Finally, a study 
of collaborative work by scientists from different knowledge domains (Olsen, 2009) also 
reported the co-creation of intertwined work practices in response to ‘unexpected events.  
Tsoukas and Vladimirou (2001) argued that knowledge is the ability to draw distinctions 
within a domain of action, and this study demonstrated that the self-distanciation prompted 
by interruptions enabled agents to draw new distinctions, and hence create new knowledge 
about the task in which they were involved. Therefore, I argue that knowledge is created 
when a knowledge boundary is overcome and that this new knowledge is project-specific 
knowledge, because it originates from agents’ enhanced ability to draw distinctions within 
the context of their project. Thus, the creation of new project-specific knowledge is the result 
of productive self-distanciation triggered by an interruption arising from a knowledge 
boundary. Over time, as agents overcome further knowledge boundaries, increments of new 
project-specific knowledge are produced. These increments accumulate, manifesting as 
project-specific practice maturation (Figure 7.1, top).  However, while interruptions provided 
agents in the observed cases with the opportunity to self-distanciate, this did not always 
occur. Even when the agents did take the opportunity to self-distanciate and consciously re-
strategise their way forward, their efforts were not always successful, as reported in Chapter 
5. In these cases, the knowledge boundary encountered was not overcome, and no new 
project-specific knowledge was created and thus, the project-specific practice being 
developed (the OI objective) did not mature; hence the OI project did not progress (Figure 
7.1, bottom).   
I therefore argue that it is practice maturation that underpins the progress of an OI project and 
that the extent of project-specific practice maturation achieved is a more realistic indicator of 
project progress than is currently obtained by assessing only the material developments of a 
project.    
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Figure 7.1: The effects of a productive interruption and an unproductive interruption on project-specific practice 
maturation.  In project-specific practice A (top), maturation continues after the knowledge boundary causing the 
interruption has been overcome (productive interruption) by agents entering a state of self-distanciation and 
from there being able to create new project-specific knowledge that they embed in the emerging practice (blue 
circle).  In project-specific practice B (bottom), maturation stalls, as, although the interruption switches agents 
into a state of self-distanciation, they are not able to create new project-specific knowledge, so project-specific 
practice B does not mature further at that time (unproductive interruption).  
 
 
7.3 Implications for theorising Open Innovation (OI)  
The practice-based view provides a useful theoretical structure with which to explore OI as it 
enables focus on the central aspect of OI, boundaries. Open innovation by its nature involves 
the flow of knowledge and resources across organisational boundaries either into the firm 
(inbound open innovation) or out of the firm (outbound open innovation) (Salter et al., 2014). 
Therefore, conceptualising how agents overcome these boundaries is important to the 
theorisation of OI. Taking a practice-based view provides a novel way of conceptualising 
boundaries that leads to novel insights about OI processes. The study also took a novel 
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empirical approach to studying OI processes.  While most studies in the OI literature are 
quantitative and examine the type of data that is a ‘snapshot’ or ‘in the moment’ (e.g. patents, 
Research and Development expenditure, innovative practices (Dahlander & Gann, 2010; 
Dodgson, Gann & Salter, 2008)) which can limit theorisation about preceding and later 
aspects of those instances of innovation examined, this study took a qualitative approach and 
used ethnographic methods to collect very rich longitudinal data over seventeen months, not 
usually available from studies of OI. This approach allowed data collection from direct 
observation of the actual practices enacted and produced a novel set of data which has 
produced novel insights to OI. 
The study demonstrates that the OI processes examined are considerably more complex than 
the way in which they  are portrayed in the literature. This additional complexity is consistent 
with anecdotal reports of OI processes and with practitioners’ lived experiences15. I suggest 
that the more nuanced aspects of OI processes revealed in this study were made possible by 
the novel use of qualitative, ethnographic methods used to collect the data.  
The findings from this study provide insights into how agents overcame their knowledge 
boundaries and co-created knowledge in two complex technological contexts. These insights 
are relevant to other OI processes in similar multi-disciplinary, multi-organisational, complex 
technological contexts. This section discusses the additional insights into OI processes gained 
in this study, using the language of the OI literature. 
7.3.1 Boundaries 
The OI literature recognises that boundaries must be dealt with such that knowledge can 
‘flow’ for successful OI (Felin & Foss, 2005). It conceptualises boundaries as obstacles, as 
things through which knowledge has to flow for successful innovation to occur (Pavitt, 2005) 
and as the extent or limits of the organisations involved in an OI process (Chesbrough, 2003). 
The OI literature also uses the metaphor of boundary ‘porosity’ (Chesbrough, 2003; Laursen 
& Salter, 2006) to describe how knowledge can flow across boundaries. The practice-based 
view, however, conceptualises boundaries as difficulties in mutual understanding generated 
by differences in practice (Carlile, 2002, 2004; Nicolini, 2012) that need to be overcome for 
agents to understand each other sufficiently to continue with the OI endeavour. Both views 
 
15 Anecdotal reports provided in conversation with collaborators; gathered while managing collaborative R&D 
projects involving universities and industry. 
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conceptualise something that has to be ‘overcome’. Of course, observing that an OI process is 
able to continue after agents have ‘overcome’ a knowledge boundary, as in this study, does 
not mean that all differences in practice have been eliminated, rather that enough of the 
differences in practice have been dealt with to enable sufficient mutual understanding for 
agents to create an increment of new project-specific knowledge to enable the OI process to 
continue. So, ‘overcoming’ a knowledge boundary (practice-based view conceptualisation) 
can be understood as being similar to rendering a boundary ‘porous’ (OI literature language) 
rather than completely removing the boundary.  
The different ways that the practice-based view and the OI literature theorise boundaries is 
important in understanding the micro-processes of knowledge creation in OI.   The study 
found the boundaries that most impacted the OI work were knowledge boundaries that arose 
between individuals as a result of their different occupation-specific practices, rather than 
boundaries between organisations.  Boundaries between organisations did impact the OI 
processes from a jurisdictional perspective by constraining knowledge creation due to 
delaying access to necessary materials (participants, devices) and imposing additional 
administrative loads (e.g. ethics approvals) that reduced the time available to agents for the 
OI process; but organisation boundaries were not found to play a role in project-specific 
knowledge creation.  The practice-based view, however, did provide a means of theorising 
the observed importance of differences in individual practice in project-specific knowledge 
creation, as set out in the proposed processual model.  This theorisation begins to account for 
problems with knowledge ‘flows’ that are frequently attributed to the personal characteristics 
of agents (Du Chatenier et al., 2009) such as communication skills, leadership, reliability and 
decisiveness rather than underlying knowledge boundaries. 
7.3.2 Knowledge Flow 
Knowledge ‘flow’ is the outcome of a firm successfully gaining access to new knowledge 
located within the organisational boundary of another firm (e.g. as shown in Fig 2.1 in the 
Literature Review, Chapter 2).  This outcome is achieved, in practice-based terms, and as 
demonstrated in this study, by overcoming knowledge boundaries.  This enables knowledge 
to ‘flow’ (Dodgson, Gann & Salter, 2008; Westergren & Holmstrom, 2012; Du Chatenier et 
al., 2009). Knowledge flow enables the important processes involved in inbound OI, 
sourcing/exploration and acquiring/exploitation (Chesbrough, 2003; Dahlander & Gann, 
2010), also known in the OI literature as absorptive capacity (Cohen & Levinthal, 1990); and 
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it also enables outbound OI, revealing and selling (Dahlander & Gann, 2010; Salter et al., 
2014), also known as desorptive capacity (Schulze, Brojerdi & von Krogh, 2013). 
Knowledge flow for inbound innovation, accomplished by overcoming knowledge 
boundaries, enables a Firm A to gain access to Firm B’s knowledge.  Firms seeking new 
knowledge need to either search externally for the knowledge they need, or to create it 
themselves through invention (Garud et al., 2013; Hansen & Birkenshaw, 2007). The OI 
literature (Escribano et al., 2008; Cohen & Levinthal, 1990) reports that Firm A agents 
undertaking exploration need to have sufficient familiarity with the external knowledge areas 
to be able to recognise useful knowledge when they encounter it and hence claims that 
exploration effectiveness is supported by the searching firm maintaining its R&D activities 
(Coen & Levinthal, 1989). The practice-based view of this observation is that the searching 
agents need to share some R&D practices with agents in the knowledge domains they are 
searching so that knowledge boundaries (that would prevent knowledge ‘flow’) do not arise 
and the knowledge can flow. 
Once Firm A has  exploratory access, it can exploit (i.e. implement) that knowledge within its 
own operations, and successful knowledge transfer (implemented knowledge flow) from 
Firm B to Firm A would be understood to have occurred (Garud et al., 2013). From the 
practice-based view then, knowledge transfer is accomplished by overcoming knowledge 
boundaries between Firm A and Firm B and then creating new knowledge within Firm A in 
order to render the new knowledge from Firm B functional in the new context of Firm A’s 
operations. The new knowledge cannot be ‘moved’ into Firm A to be exploited, as this new 
knowledge comprises new practices and new objects that need to be integrated with Firm A’s 
existing practices and existing objects used in those practices. To ‘transfer’ knowledge 
created in an OI process, it must be adapted to its receiving context (Ansari, Fiss & Zajac, 
2010). Thus, knowledge ‘flowing’ in an outbound OI process would need to be adapted to the 
context in the recipient firm. 
OI processes tend to be set up and managed as projects (Bosch-Sijtsema & Henriksson, 2014; 
Kapsali, 2011), so the concept of project-specific practices is important in articulating the 
uniqueness of the new knowledge created and highlights its dependency on its context. The 
project-specific practice concept emphasises that knowledge created in an OI process is not 
readily transferrable in inbound or outbound OI processes, in contrast to how knowledge is 
conceptualised in much of the OI literature (Chesbrough, Vanhaverbeke & West, 2006). The 
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templated Application case OI process in this study suggests that knowledge ‘transfer’ can be 
understood as a process of templating Firm B’s practices and objects into a new context 
(Firm A’s operations), as the Platform Technology was templated into the Application case 
context by creating new knowledge in the form of new project-specific practices and project-
specific objects. A firm licensing technology (outbound OI), would need to participate in 
deep engagement between its staff and licensee staff. Although the OI literature has identified 
the social nature of exploration and exploitation, the “two faces of R&” (Cohen & Levinthal, 
1989), taking a practice-based view enables us to further explicate how social interactions 
between agents are involved in these processes–as from this view, all knowledge is socially 
created and therefore able to be influenced by conditions of organisational culture, structure, 
managerial attention and organisational legitimacy (Peeters et al., 2014). 
Finally, the study showed that the OI context could not be understood as an ‘inert’ (non-
interacting) background to the knowledge creation activities, as it is often portrayed in some 
OI studies (Bogers et al., 2018). In the observed cases  the context was made up of 
framework practices that interacted with occupation-specific and project-specific practices 
and thus influenced the activities being undertaken. The context also comprised the 
occupation-specific practices that agents brought with them to the cases. The study showed 
that both of these types of practices played important roles in the creation of knowledge 
(discussed later in this chapter). The study therefore generated empirical data supporting 
practice-based literature reports that the context is not a “static… surrounding ‘container’ for 
social interaction” (Lave, 2009: 22).  Instead, context “integrates the subject, the object and 
the instruments…into a unified whole” (Engestrom, 1996: 67).   This finding illustrates the 
inherent interconnectedness of practices, that each case was a “nexus of interconnected 
practices” (Nicolini, 2011) and highlights the importance of disentangling practices observed 
in order to better understand the processes involved in knowledge creation.  
7.3.3 Knowledge Creation  
Much of the OI literature’s treatment of knowledge creation is based on the SECI model 
proposed by Nonaka and Takeuchi (Nonaka, 2006; Nonaka & Takeuchi, 1995). That model 
explicates knowledge creation as processes of conversion of tacit knowledge held by 
individuals to explicit knowledge through socialisation, whereupon that knowledge can be 
combined with other knowledge through inter-justification involving dialogic engagement 
between agents to create new knowledge. The process is completed by that knowledge being 
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internalised by individuals again. In contrast to the process suggested by this model, this 
study showed that agents created project-specific knowledge in these OI endeavours by 
overcoming their mutual knowledge boundaries, by overcoming through sharing practice and 
creating new project-specific practices, prompted by interruptions. They did not have to first 
convert their knowledge from tacit to explicit. In some instances, they even began sharing 
each other’s practices without any dialogic engagement (e.g. radiographers and clinicians, 
Chapter 5). While the SECI model points out the importance of social and dialogical 
processes in knowledge creation, this study additionally demonstrates the central roles of 
mediation of knowledge by objects and by sharing practice and the role of interruptions in 
prompting self-distanciation, an important precursor to knowledge creation. Interruptions do 
not feature in the OI literature as being involved in knowledge creation or applying to OI 
practitioners; interruptions are frequently seen as problems and they indicate that something 
is wrong with an OI endeavour.  This study, in pointing out the central role of interruptions in 
project-specific knowledge creation, provides a more productive way for practitioners to 
understand interruptions: as an inherently normal, though challenging, part of an OI 
endeavour, not an indicator that something is ‘wrong’. 
The iterative creation of project-specific knowledge proposed in this study, depending on 
whether agents are able to overcome, or not, successive knowledge boundaries, extends 
recent OI theorisation about co-creation (Sharma & Bansal, 2019). These latter authors argue 
that co-creation occurs through an ongoing process, unfolding over time as actors interact, 
rather than only at ‘one off’ co-creation events, as the OI literature had previously reported. 
They argue that ‘co-creation moments’ (knowledge creation) only occurred when agents 
engaged with each other dialogically. In instances where agents held on to inflexible opinions 
and did not listen to others, co-creation did not occur. I suggest, based on other practice-based 
literature (Sandberg & Tsoukas, 2011) that the agents in Sharma and Bansal’s study who 
were able to co-create, had engaged in ‘productive dialogue’ (Tsoukas, 2009; Kogler, 1996) 
as a precursor to co-creating new knowledge, and that they were able to co-create new 
knowledge through the process of self-distanciation described in the practice-based literature 
(Sandberg & Tsoukas, 2011).  Their schematic describing a sequence of co-creation events 
(Figure 7.2) where knowledge was either created or not created, depending on whether or not 
agents achieved productive dialogue, shares similar features with the findings of the present 
study’s Figure 5.2 (Chapter 5) reproduced in Figure 7.2 as an inset.   
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Figure 7.2: Comparison of project-specific knowledge creation in this study with co-creation moments (bottom 
part of figure reproduced from Sharma and Bansal (2019)). Co-creation moments did not occur at each event, 
only where agents engaged in ‘productive dialogue’.  Figure 5.3 from this study (Chapter 5) is reproduced at the 
top of Sharma and Bansal’s diagram to show the similarities in knowledge creation when self-distanciation 
occurred. 
 
This alignment between Sharma and Bansal’s findings and those of the present study 
suggests that overcoming knowledge boundaries in the cases examined in this study are 
instances of ‘co-creation’, as reported in the OI literature (Ramaswamy, 2009; Russo-Spena 
& Mele, 2016; Sharma & Bansal, 2019).  In addition, the study extends the theorisation of co-
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creation by identifying the role of interruptions (caused by encountering knowledge 
boundaries) in knowledge creation, as an additional means to productive dialogue for 
achieving self-distanciation, as a necessary precursor to co-creation. I also suggest that co-
creation involves the embedding of the new project-specific knowledge created in new 
project-specific practices and objects via the process of practice maturity proposed in this 
study and as observed in this study.  In this way, co-creation enables the progress of an OI 
endeavour. 
Sharma and Bansal (2019) also reported being able to follow the changes in objects across 
joint events rather than at distinct events as evidence that co-creation was occurring as a 
process. By taking a practice-based view of knowledge in the present study, I was also able to 
demonstrate the development of objects over time but, importantly, I was additionally able to 
link the changes in objects over time, with the changes in project-specific practices and 
changes in project capabilities, such that they became intertwined theoretically. This means 
that while Sharma and Bansal (2019) have shown, as has the present study, that co-creation, 
i.e. collaborative knowledge creation, occurs processually, this study additionally shows that 
the new knowledge produced by such a process manifested not only as changed objects, but 
also as changed practices and changed capabilities. The processual model proposed through 
which these multiple manifestations of new knowledge were created therefore contributes to 
the OI literature by providing a more complete explication of  knowledge creation in an OI 
process. 
This study further contributes to the OI literature by providing insights about the particular 
actions agents engaged in to overcome their boundaries and create knowledge: they drew on 
in their occupation-specific practices, framework practices and project-specific practices. 
Through this purposeful re-use and adaptation of their existing knowledge, they created new 
project-specific practices and objects. For example, researchers, clinicians and commercials 
worked together to develop a new scanning protocol for the MHC by drawing on their own 
occupation-specific practices (experimentation, testing, standard scanning, optimising the 
device performance, redesigning the device and software) and interacting with each other by 
participating in the creation of a shared practice and mediating their knowledge using 
boundary objects at the interfaces of their knowledge domains (e.g. the device, the software, 
spectral data, emerging procedures, emerging scanning protocols). This finding significantly 
extends OI theorisation as it proposes a mechanism by which to explicate the finding in the 
OI literature (Goglio-Primard & Crespin-Mazet, 2015) that pre-existing communities of 
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practice support the OI process: these communities provide the occupation-specific practice 
(existing knowledge) on which agents can draw. Interaction between these agents did not 
happen at formal ‘co-creation’ events, as in the co-creation literature of OI, but instead in the 
day-to-day interactions between agents at the sites of knowing involved (e.g. the magnetic 
resonance suite at the Collaborative Research Facility and the weekly project meetings). In 
addition, the findings showed that the trigger for the process leading to knowledge creation in 
the present study (the interruption) arose spontaneously as agents interacted as a consequence 
of the context (Chapter 4), as occurs in real OI endeavours, in contrast to the formal 
organisation of co-creation events reported in the OI literature. These findings are novel and 
contribute additional mechanistic insights to the OI literature.  
The notion of knowledge creation via templating, as identified in this study, could also be of 
use to practitioners involved in OI endeavours. Templating involves ‘knowledge transfer’ 
from one context to another and the study found that this was achieved by practice maturation 
of the initial project-specific practice in the new context that involved the creation of new 
knowledge to adapt the initial practices and objects to the templated context. This notion of 
templating could be of help in addressing questions of how OI practitioners could make use 
of early stage success in one OI endeavour (e.g. the new practices created to overcome 
knowledge boundaries in that OI endeavour to achieve knowledge ‘flow’ ) to help future 
success in both later stages of that OI process and in other OI processes. For example, OI 
practitioners involved in early stage innovation (as in the cases examined in these studies) 
could examine the successful project-specific practices and objects created and could inform 
their strategising by ‘extrapolating’ the process through which their team achieved these, into 
the future, taking into account likely new partners and their practices, objects and sites of 
knowing. This approach can be understood as templating through time for the same OI 
endeavour. In the case of OI practitioners seeking to draw on success in a different OI 
endeavour, they could employ a similar strategising approach, but in this instance, by 
templating between projects. In that case, they would need to analyse the existing OI 
endeavour and identify the practices, objects and sites of knowing and look for similarities 
and differences expected in the different OI project. In both cases OI practitioners would 
need to pay attention to unexpected interruptions that they could confront to prompt self-
distanciation, the precursor of knowledge creation. Together, these considerations could 
prove useful in helping to build an OI culture in an organisation.  
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Thus, taking a practice-based view of knowledge overcomes the three main shortcomings of 
OI theorisation identified in the literature review: the limited number of studies at the level of 
individuals for theorising the micro-foundations of OI processes, the dominance of the 
cognitive view of knowledge in the OI literature, and the context insensitivity of many 
models of OI (Crossin & Apaydin, 2010). In addition, taking a practice-based view provides 
some novel insights to OI as discussed above, and provides the building blocks of a model of 
an OI process which I discuss in the next section. 
 
7.4 Foundational elements of a practice-based view model of Open Innovation  
The processual model of knowledge creation proposed in Chapter 6, together with the 
elements of boundaries, knowledge flow and knowledge creation from the OI literature 
provide the foundational elements of a practice-based view model of OI.  I set out some of 
these elements in this section that can contribute to building a more complex 
conceptualisation of OI with greater explanatory power than current theorisations in the OI 
literature. Further work to more fully develop the practice-based conceptualisation of OI 
endeavours proposed in this section are discussed in the next chapter. 
This study went beyond individual episodes of knowledge creation at moments in time, or 
‘snapshots’, as most frequently reported in the OI literature, by tracking knowledge creation 
increments, in the form of practices, objects and capabilities, over time and identified a 
process of maturation of the project-specific practices and project-specific objects created, 
that temporally linked these increments. This process was captured in the processual model of 
knowledge creation proposed in Chapter 6.  
This study demonstrated that the OI endeavours examined were comprised of interconnected 
practices that evolved sequentially over 17 months, emphasising the connectedness through 
time of each of those components of the OI endeavour.  I therefore argue that an OI project is 
a situated (inherently connected to its context and interacting with it) and ongoing process of 
project-specific knowledge creation. This practice-based view of an OI process provides a 
means of understanding how agents accomplish overcoming knowledge boundaries in the 
course of their OI work to iteratively create knowledge and embed it in project-specific 
practices through a process of practice maturation. It is practice maturation (and the co-
evolution of objects involved in those practices) that enables the OI endeavour to progress. 
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Conceptualising an OI project as a situated, ongoing process of project-specific knowledge 
creation adds detail to existing theorisations of OI that have been based on data collected 
from ‘moments in time’ rather than longitudinally over the course of OI projects. This means 
that OI projects are continuous processes in which the practices, objects and capabilities that 
exist at any point in time during the project depend on what has happened before (the 
precursor practices, precursor objects, precursor capabilities) and influence what happens 
later. If we conceptualise an OI project as a continuous ongoing process involving the social 
creation of knowledge, it cannot be readily compartmentalised into phases of innovation 
work of different natures, such as the popular models of innovation involving stages such as 
invention, development and implementation (e.g. Cooper, 2014; Garud et al., 2013; 
Fagerberg et al., 2013; Crossin & Apaydin, 2013). This suggests that for an open innovation 
process, knowledge creation processes are interwoven with each other and mature continually 
over time, rather than being comprised of disconnected ‘stages’ of development. The 
practices and objects involved in each strand of activities mature over time as new practices 
and objects are created, enabling enhanced capabilities to evolve and the ‘innovation’ to 
materialise. 
The insights provided by this study as to how agents co-created new project-specific practices 
explain why it is so important that agents are able to interact ‘face to face’ in an OI process, 
as often reported in the OI literature (Hansen & Birkinshaw, 2007; Laursen & Foss, 2014). It 
was while agents were engaged in practice together, in person, that they drew on existing 
knowledge in the form of their own occupation-specific practices and existing project-
specific and framework practices to co-create new project-specific practices. In some 
instances, this in-person co-creation was achieved without dialogue, as with the researchers 
enacting the clinical practice of calling out to each other in the office and the radiographers 
enacting the researcher practice of compiling fragments of new knowledge created on their 
individual scraps of paper (Chapter 5). This observation suggests that agents may engage in 
unconscious sharing of knowledge when they share practice in addition to sharing knowledge 
by dialogue. 
The differentiation between types of practices developed in this study enabled the unravelling 
of the complex network of practices observed to discern the role of each type of practice and 
how different types of practices became intertwined (Chapter 4) and affected how the OI 
process unfolded. While practices are by their nature theoretically connected with others, 
forming a nexus of practices (Nicolini, 2011), this study provides important illustrations to 
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practitioners of how taking a practice-based view can help agents make sense of how an OI 
process plays out. The agents in this study had ‘done this stuff a hundred times before’, yet 
they were still surprised when interruptions occurred. I suggest that the evidence of 
intertwined practices that this study presents provides a clearer view of the knowledge 
creation processes involved in OI that can help practitioners to moderate their expectations 
and perhaps reduce their frustrations. While this may be difficult for a practitioner repeatedly 
being switched from a state of absorbed coping to one of theoretical detachment by 
interruptions, it may be more possible for a project manager, project funder or OI policy 
maker, who is not so immediately engaged with the OI work to take a more objective view of 
the OI process in order to more effectively fulfill their role of supporting the OI endeavour.  
 
7.5 Chapter Summary  
This chapter discussed the findings of the study in the light of work reported in the Knowing-
in-practice literature and the OI literature and identified contributions that the study made to 
each of those sets of literature.  The chapter first discussed the findings with respect to the 
practice-based view of knowledge, setting this consideration out in three themes: knowledge 
boundaries and the practices enacted to overcome them, creating knowledge by resolving 
interruptions, and cumulative knowledge creation over time, following the sequence of the 
three findings chapters (Chapters 4, 5 and 6).  I then discussed the insights the study 
generated to the three central elements of OI: boundaries, knowledge flow and knowledge 
creation, by taking a practice-based view of the OI projects examined.  Following this, I set 
out a consideration of the findings from the perspective of the OI literature addressing the 
different conceptualisations of ‘boundary’ in the literature and the implications of this for 
understanding knowledge ‘flow’, the consequences of having knowledge boundaries that 
depend on the context of an OI project for knowledge ‘flow’ and I discuss the additional 
insights from this study that enrich the theorisation of knowledge creation in OI projects.  
Based on these insights, I proposed some elements of a practice-based conceptualisation of an 
OI project as a situated, ongoing process of project-specific knowledge creation. 
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Chapter 8:  Conclusions 
 
8.1 Introduction 
This study set out to explore knowledge creation processes in OI projects using the novel 
approach of a practice-based theoretical lens to interpret the OI data collected.  The 
foundations of the study are therefore in the practice-based literature.  However, using this 
theoretical lens enabled several significant theoretical contributions to both the Knowing-in-
practice literature and the Open Innovation (OI) literature.  In this way, the study provides a 
conceptual linkage between a practice-based view of knowledge creation and an OI view of 
co-creation in OI projects.   
This chapter sets out the contributions that the study makes to the Knowing-in-practice 
literature and to the literature of Open Innovation then comments on the potential limitations 
of the study’s scope with respect to knowledge creation in OI contexts.  Following this, I 
suggest some potentially fruitful avenues of research that could be followed to further 
explicate knowledge creation processes in OI.  I then present the contributions that the study 
makes to the practice of OI.  Finally, I offer some concluding remarks about my aspirations 
for how researchers, clinicians, commercials and other OI practitioners might use these 
findings to improve their day-to-day work experiences.  
 
8.2 Contributions to theory 
The study makes contributions to both the Knowing-in-practice literature (e.g. Marabelli & 
Newell, 2012; Nicolini, 2012; Orlikowski, 2010) and to the Open Innovation (OI) literature 
(e.g. Chesbrough, Vanhaverbeke & West, 2006; Dodgson, Gann & Phillips, 2014). These 
contributions are set out below. 
8.2.1 Contributions to the Knowing-in-practice literature 
The study builds on well-developed practice-based literature that theorises how difficulties in 
mutual understanding, known as knowledge boundaries, arise as a consequence of differences 
in practice between agents from different knowledge domains  (Brown & Duguid, 2001; 
Carlile, 2002, 2004).   These knowledge boundaries must be overcome in order for OI to 
occur (Bogers, Chesbrough & Moedas, 2018; Salter et al., 2014).  The study extends this 
theorisation by showing that multiple knowledge boundaries can exist within a team and that 
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in the cases observed, some boundaries were more ‘porous’ than others as a result of some 
agents sharing aspects of practice.  The study further extends this theorising by highlighting 
the impact on the knowledge boundaries arising from differences between the types of 
objects that agents use in their different practices, specifically whether the objects are 
technical objects or epistemic objects (Knorr-Cetina, 1997; McGivern & Dopson, 2010).  
The practice-based literature has theorised several means of overcoming knowledge 
boundaries, including dialogic means (Biscaro & Comacchio, 2017; Tsoukas, 2009), 
mediation of knowledge by objects (Knorr-Cetina, 2001; Levina & Vaast, 2005; Spee & 
Jarzabkowski, 2009) and by people (Kaplan, Milde & Cowan, 2017; Swan, Bresnen, Newell, 
& Robertson, 2007) and by sharing practice (Gheradi & Nicolini, 2000; Swan et al., 2016).  
For the complex, pragmatic type of knowledge boundaries (Carlile, 2002) examined in this 
study, this literature has described the overcoming of knowledge boundaries by sharing 
practice and by developing new practices (Bruns, 2013; Hargadon & Bechky, 2006; 
Majchrzak, More & Faraj, 2012; Olsen, 2009) but has not yet distinguished between the types 
of practice involved.  This study extends the practice-based theorisation of overcoming 
knowledge boundaries by identifying three specific types of practice that were involved: 
occupation-specific practices, project-specific practices and framework practices. This 
distinction between types of practices is important because it enables us to distinguish their 
different roles in knowledge creation and to develop a more detailed theorisation of the 
processes involved.  The study further contributes to this literature by identifying the 
knowledge that was created when knowledge boundaries were overcome, in the form of new 
practices, new objects and new capabilities, providing empirical evidence of the practice-
based view that knowing is dispersed between practices, objects and people (Feldman & 
Orlikowski, 2010; Nicolini, 2011). 
The study further contributes to the practice-based literature by identifying the means by 
which agents overcame their knowledge boundaries.  While dialogic means and mediation of 
knowledge have been extensively reported, overcoming knowledge boundaries by creating 
new practices is as yet relatively unexplored.  This study contributes to that literature by 
revealing the role that each type of practice identified (occupation-specific, project-specific 
and framework) played in overcoming knowledge boundaries.  Agents drew on knowledge 
embedded in their collective occupation-specific practices, existing project-specific practices 
and framework practices to create new project-specific practices and new objects that enabled 
them to overcome the knowledge boundary.   
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The study also builds on existing literature by highlighting the theoretical importance of 
interruptions (breakdowns) in knowledge creation (Bechky, 2003; Sandberg & Tsoukas, 
2011; Svabo, 2009) and their impact on OI activities (Bruns, 2013; Dougherty & Dunne, 
2012; Mengis, Nicolini & Swan, 2018).  The study extends this theorisation by showing that 
as successive knowledge boundaries were overcome, agents embedded the increments of 
knowledge created into project-specific practices and project-specific objects, with the result 
that these practices and objects co-evolved over time.  Thus, repeated interruptions over time 
created knowledge cumulatively.  I theorised this phenomenon, which has not previously 
been reported, as practice maturation.  In so doing, I suggest that practice maturation extends 
the concept of practices and knowledge being in a continual state of ‘becoming’ (Tsoukas & 
Chia, 2002) into the context of OI project development.  I further develop the notion of 
practice maturity by arguing that templating a project-specific OI practice can be understood 
as a form of practice maturation, transposed into a different context, such that the templated 
practice develops from a ‘bud’ in the maturation trajectory of the original practice.  This 
concept of practice maturity shares the element of the evolution of objects as reported in a 
biomedical OI project (McGivern & Dobson, 2010), protein synthesis (Rheinberger, 1997) 
and in nanotechnology (Mody & Lynch, 2010), but extends theory by proposing the 
additional evolution of the practices involving those objects and the linkage between 
practices and objects so that they co-evolve as the OI project unfolds. The study therefore 
provides an important empirical demonstration of the linkage between the social aspects of 
knowledge creation (practices) and the material aspects of knowledge creation (project-
specific objects).  In addition, the study identifies the critical role of interruptions caused by 
knowledge boundaries, in prompting agents to self-distanciate as a precursor to creating 
knowledge. While other authors (Sharma & Bansal, 2019; Tsoukas, 2009) have reported that 
actors need to engage in productive dialogue in order to enable self-distanciation and from 
that state, knowledge creation, this study demonstrates that interruptions are also able to bring 
about self-distanciation. This means that actors do not necessarily have to engage in 
productive dialogue in order to enter a state of self-distanciation. The study therefore 
contributes to the Knowing-in-practice literature by demonstrating an additional means by 
which agents can enter a state of self-distanciation, which is a necessary, but not sufficient 
step in the creation of knowledge. This finding extends the theorisation of knowledge 
creation as reported in the Knowing-in-practice literature (Sandberg & Tsoukas, 2011; 
Tsoukas & Vladimirou, 2001; Tsoukas, 2019) as requiring productive dialogue between 
agents.  
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This extension of theory was articulated in the proposed conceptual model of knowledge 
creation.  The model involves repeated cycles of knowledge creation accomplished by 
overcoming knowledge boundaries.  It highlights the important role of interruptions, caused 
by knowledge boundaries, in prompting agents to self-distanciate, switching them from a 
state of absorbed coping to one of theoretical detachment (Sandberg & Tsoukas, 2011).  In 
this state, they employ well known dialogical means and knowledge mediation means 
(Bechky, 2003; Langley, Smallman, Tsoukas & Van De Ven, 2013) to create the new shared 
project-specific practices and project-specific objects that enable them to overcome the 
knowledge boundary and to carry on.   
8.2.2 Contributions to the Open Innovation literature 
The study contributes both to the well-developed traditional body of Open Innovation 
literature (e.g. Chesbrough, Vanhaverbeke & West, 2006; Dodgson, Gann & Phillips, 2014) 
and to the literature from practice-based authors investigating Innovation (e.g. Carida, Melia 
& Colurcio, 2014; Goglio-Primard & Crespin-Mazet, 2015; Mele and Russo-Spena, 2017) by 
extending the theorisation of OI. The study revealed that the OI processes examined were 
considerably more complex than how OI processes have been reported in the literature. These 
contributions are set out below.   
The study contributes to the OI literature in three significant ways. First, the study identified 
the important role of differences in practice between individuals engaged in OI projects, 
manifesting as knowledge boundaries. The study showed that it was these knowledge 
boundaries, rather than organisational boundaries (Chesbrough, 2006), that had most impact 
on the OI projects examined. In addition, the study identified the role of interruptions caused 
by these knowledge boundaries, arising at the level of individuals, in influencing the 
trajectory of an OI project over time.   
The study also extends the theorisation of co-creation (Ramaswamy, 2009; Russo-Spena & 
Mele, 2016; Sharma & Bansal, 2019).  While the social interaction between agents has been 
recognised in knowledge creation in the OI literature, (Kotha, George & Srikanth, 2013; 
Perkmann & Walsh, 2007) most models treat knowledge as being located with individuals 
(Chatenier, Verstegen, Biemans, Mulder & Omta, 2009).  This study provides an alternative 
conceptualisation of knowledge creation in OI projects as depending on objects as well as the 
actions of human agents and provides a means of theorising the new knowledge created as 
project-specific practices, project-specific objects and capabilities.  In addition, while authors 
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(e.g. Sharma & Bansal, 2019) have demonstrated that co-creation occurs as an ongoing 
process rather than as discrete events, the processual model of knowledge creation developed 
in this study provides insights into how this process is accomplished over time. The 
interruptions examined in this study arose spontaneously as agents interacted as a 
consequence of the context, in contrast to the formal organisation of co-creation events 
(Bartunek, 2007; Romme, Avenir, Denyer et al., 2015) and so the study provides more 
realistic insights into co-creation in OI projects than earlier work.  
Second, the study demonstrated that the OI projects examined were comprised of 
interconnected practices that evolved continuously, emphasising their connectedness through 
time. Thus, I argue that an OI process is comprised of series of connected episodes, rather 
than disconnected stages of development, as is traditionally portrayed in the OI literature (e.g. 
Garud et al., 2013, Fagerberg et al., 2013, Crossin &  Apaydin, 2013).  In this way, the study 
provides a conceptual linkage between practice-based studies of knowledge creation and 
knowledge creation in OI projects.    
Finally, the study contributes to studies of OI by practice-based authors by providing an 
alternative conceptualisation of OI that builds on the view of OI as a “continuous process in a 
texture of practices” (Gheradi & Miele, 2018), a complex set of collaborative paths (Mele, 
Colurcio & Russo-Spena, 2014) and an interweaving of practices (Mele & Russo-Spena, 
2017).  The study does so by identifying the different types of practices involved and the role 
in co-creation that each type of practice plays.  In addition, the study extends the current 
conceptualisation of value creation in OI projects as integration of the resources that actors 
bring to the OI project (Giannopoulou et al., 2013; Korkman et al., 2010), by explicating how 
actors accomplish this integration by drawing on occupation-specific, project-specific and 
framework practices. The study further contributes to this literature by demonstrating that the 
new co-created knowledge is embedded in the sociomaterial aspects of the OI project (its 
practices and objects) through the process of project-specific practice maturation proposed in 
this study. It is this maturation of project-specific practices that enables the OI project to 
achieve progress. Thus, the study further extends theorisation of value creation in OI projects 
in this literature as an ongoing process (Korkman et al., 2010), by explicating how this 
ongoing process is accomplished. 
 
 
 
 
211 
 
8.3  Limitations of the study 
The main elements of the study’s novelty are the qualitative research approach taken, the 
ethnographic methods used to collect the longitudinal data and the practice-based view used 
as the theoretical lens. While this approach generated rich data and novel insights into the 
micro-foundations of the OI projects examined, in practice, it limited the number of OI 
projects  that could be examined to two. While every effort was taken with case selection to 
ensure maximum usefulness and relevance to building OI theory, only one industry sector 
(Healthcare) could be examined, in one country (Australia). This industry suited the study 
well because of the involvement of agents from different knowledge domains in 
collaboratively creating new knowledge and because of its inherent complexity. It also 
allowed for cases to be examined at different levels of maturity. One case was at its 
beginning of templating and the other case was mature in terms of technology but yet to be 
more broadly commercialised. The anticipated commercialisation process would include 
selling and placing the new scanners in hospitals around Australia and then the world, 
skilling clinicians to accurately enact the new scanning and diagnosis practices being 
developed and supporting patients to understand and accept the new technology. However, 
both cases were at the ‘early’ end of the broader spectrum of OI development usually 
examined in the OI literature (Chesbrough, 2006; Dahlander & Gann, 2010).  
Another limitation of the study was that it only examined cases involving complex 
technology and was not able to compare these findings with other types of innovation such as 
process innovation (Kurkkio, Frishammar & Lichtenthaler, 2011; Reichstein & Salter, 2006) 
or service innovation (Chesbrough, 2012; Corsaro, Sebastiani & Mele, 2017). The complex 
technology involved in the cases involved decades-long time frames, so practically, the study 
could only examine a relatively small interval of OI development compared to the overall 
timeframe of the OI project. However, while these considerations limited the specific 
conditions of OI able to be examined, I expect the study’s findings to reflect the generalities 
of similar contexts, namely, multidisciplinary teams of experts engaged in knowledge 
creation in OI projects involving the development of new technology and the new practices 
that would enable its enactment. 
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8.4 Future Research  
The study took a novel approach to examining knowledge creation in OI projects and so the 
conceptual model proposed is necessarily in a preliminary form. There are three ways in 
which this research could be extended to help explicate the micro-foundations of OI. The first 
is to determine to what extent the model is capable of explicating OI in other contexts and 
whether changes in context affect the observed mechanism of knowledge creation. This 
exploration of knowledge creation in different contexts could begin by examining complex 
technology OI projects in Australia (as in this study), but at advanced stages of development, 
for example, commercialisation of a complex technology with more commercial elements 
compared to the strong research and development elements in this study. Further studies 
could progress to different types of innovation, for example, service innovation in starting up 
new service offerings to the market (as illustrated by the cases reported in Corsaro, Sebastiani 
& Mele (2017)) or process innovation as encountered in various industry sectors including 
nanotechnology (Linton & Walsh, 2008), minerals (Kurkkio et al., 2011), and 
biopharmaceuticals (Lim, Garnsey & Gregory, 2006). Different types of innovation could 
offer the opportunity to examine OI projects of shorter timeframes than the cases examined in 
this study, such as software development (e.g. Winkler, Huber & Dibbern, 2014). Such 
studies would enable the examination of a greater proportion of the overall project lifetime 
than was possible in this study as well as provide the opportunity to examine OI projects in 
different industry sectors. Additional factors that could be considered for broadening the 
contexts examined, include the level of experience of the agents. This could be achieved by 
contrasting cases involving experienced agents (as in this study) with agents attempting OI 
for the first time. These studies could also compare the effects on an OI project of agents who 
had worked together before and agents who were coming together as a team for the first time. 
Such studies could examine further cases of templating in OI projects to uncover insights into 
how templating may be able to streamline OI processes. Finally, studies could be extended to 
countries other than Australia such as to the recognised innovation leaders, Switzerland, 
Netherlands and Sweden (INSEAD, 2018). 
The second way in which this research could be extended would be to apply the practice-
based lens to a further exploration of the role of changing contexts in overcoming knowledge 
boundaries in OI projects.   The OI literature reports that achieving knowledge ‘flow’ can be 
facilitated by a boundary spanner, someone who has experience of both knowledge domains 
involved (Hakanson et al., 2011; Hargadon, 2014) and there is sufficient mutual 
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understanding that the organisational boundary is rendered ‘porous’. An alternative 
understanding is that the boundary-spanner bridges structural holes (Burt, 2004) in the social 
network across the two organisations. Taking a practice-based view suggests that the 
boundary spanner shares sufficient practice with people in each knowledge domain that no 
knowledge boundary arises and thus knowledge ‘flows’ unimpeded. However, the study 
demonstrated that the same boundary-spanning strategy was effective in one case but not the 
other.  This finding suggests that the effectiveness of boundary-spanning is context 
dependent, adding another level of complexity to understanding OI processes.  Taking a 
practice-based view could contribute to OI theory building by revealing a more nuanced 
nature of boundary-spanning by taking into account the dynamic nature of knowledge 
boundaries, as reported in the practice-based literature (Langley, Lindberg, Mork et al., 2019; 
Langley & Tsoukas, 2017).   
Finally, the third avenue of future research that could build on this study is an exploration of 
knowledge transfer. While the focus of this study was knowledge creation, the study also 
considered knowledge ‘transfer’ from the practice-based perspective, as overcoming 
knowledge boundaries to enable mutual understanding followed by adaptation of that 
knowledge to its ‘receiving’ context through further knowledge creation to modify the 
practices and objects constituting the transferred knowledge. Further research could develop a 
more nuanced view of knowledge transfer as encountered in other OI contexts such as 
‘transferring’ business processes or technology from a firm’s head office to its branches 
around the world, or in a firm licensing its technology to a third party. 
 
8.5 Contributions to Practice 
The study makes several contributions to the practice of OI in line with Perkmann and 
Walsh’s (2007) statement that what happens in OI practice is more than the “simple 
technology transfer and knowledge transfer metaphors that are used in policy discourse” (p. 
267). The study contributes to OI practice by articulating several important aspects of the 
processes at play in OI projects that are not usually discernible to practitioners deeply 
engaged with the complex day to day challenges of OI. As one of the agents in this study 
commented, 
‘I suppose there’s some kind of process going on, but I can’t see it.’  
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The study supplements the mainstream view of OI projects by filling in some gaps in 
understanding the day to day, individual level aspects of OI projects that remain in the 
traditional OI literature (Chesbrough, Vanhaverbeke & West, 2014; Dodgson, Gann & Salter, 
2008). Below, I set out four ways in which this study can help practitioners make more sense 
of what can seem like chaotic occurrences and thus moderate their expectations, reduce their 
levels of frustration, but also provide them with a broader scope of choices they can make to 
increase the probability of success of their OI projects. 
First, boundaries existing at the level of individuals due to their differences in practice can 
significantly impact an OI project. These knowledge boundaries arise from differences in 
practice, so even though agents may be from different organisations, they will understand 
each other if they share practice. On the other hand, it cannot be assumed that agents from the 
same organisation will understand each other as they may not share practice. These 
knowledge boundaries are dynamic: if the context changes, the knowledge boundaries 
change; if agents re-enact project-specific practices differently, knowledge boundaries can re-
emerge, even though they have previously been dealt with. OI practitioners need to be aware 
of the potential of knowledge boundaries to totally disrupt project progress. This awareness is 
essential in developing strategies to analyse and address OI difficulties. 
Second, the study articulated the context dependency of knowledge created in an OI project 
through the concept of project-specific practices and project-specific knowledge, emphasising 
that knowledge created in an OI process is not readily transferrable, in contrast to how 
knowledge is conceptualised in much of the OI literature (Chesbrough, Vanhaverbeke & 
West, 2006). In addition, the study demonstrated the context dependency of brokers put in 
place to span different knowledge domains in an OI project. OI practitioners therefore need to 
bear in mind the requirement that a boundary spanner’s practices need to match with the 
practices and objects of the knowledge domains to be bridged. Thus, a successful boundary 
spanning strategy cannot be automatically used in another OI project. 
Third, the study demonstrated the important role of interruptions in an OI project. In practice, 
interruptions are frequently seen as problems and as evidence that something is ‘wrong’ with 
an OI project. In contrast, this study showed that interruptions caused by knowledge 
boundaries play a significant role in knowledge creation and are an inherent part of an OI 
project involving agents from different knowledge domains. Furthermore, the study showed 
that it was by addressing these interruptions that agents accomplished knowledge creation 
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and were able to move the project forward. This provides a more useful conceptualisation of 
interruptions for practitioners and it reveals that a process of knowledge creation was at play 
in these cases of OI that often seemed random or chaotic to those involved.  In addition, 
interruptions provide another means of achieving the self-distanciation required for 
knowledge creation (Tsoukas, 2003) in addition to productive dialogue (Kogler, 1996; 
Tsoukas, 2009). This is an important finding for OI because OI contexts are frequently time 
and resource poor and engaging in productive dialogue can be time consuming and expensive 
(Hansen & Birkenshaw, 2007).  
Fourth, the concept of practice maturation developed in this study provides an additional 
means of assessing OI project progress. Traditional project progress assessment considers the 
achievement of milestones, which typically relate to material aspects of a project (Project 
Management Institute, 2013). The study demonstrates the importance of non-material aspects 
of OI projects, suggesting that these aspects (e.g. project-specific practices) also need to be 
evaluated to more accurately assess project progress. Considering project-specific practices 
would also be important in estimating resource requirements and time frames for OI projects.  
Finally, the study developed the concept of templating (templating through time and 
templating between projects) as a means of explicating how knowing created in one OI 
project can be ‘transferred’ to another OI project through a process of transformation (Carlile, 
2004). Awareness that adaptation of the project-specific practices and objects to the 
‘receiving’ context is required, and that these practices need to be faithfully re-enacted, can 
help OI practitioners avoid ‘re-inventing the wheel’ with new or spin-off OI projects, thus 
potentially reducing the time and costs involved. 
 
8.6 Closing Remarks 
In choosing to undertake this study, I was motivated by my own frustrations with OI 
processes as a researcher, and later a manager of university-industry projects. I know 
firsthand that OI processes are complex, frustrating yet also exhilarating. I know how deep 
engagement with an OI process can limit one’s ability to gain perspective from the 
demanding events of day to day work. Even while undertaking this study, I was not immune 
to the lure of interesting technology – as while observing the first few project meetings in this 
study, I found myself thinking about the science rather than focusing on the practices I was 
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trying to identify. Therefore, it is my hope that this study not only contributes novel insights 
to the literature of Knowing-in-practice and Open Innovation, but also makes some tangible 
contributions to the practice of OI such that some of the talented, dedicated individuals 
involved can spend less time being frustrated and more time being excited about possibilities. 
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APPENDIX 2: INTERVIEW PROTOCOL 
Interview Protocol- Initial interview 
 
Settling in 
Establishing rapport 
Introduction 
Why I’m here, what I’m doing 
Description of the project 
The nature of the data I want to collect 
Ethics forms: participant information form, Participant consent form 
Check permission to record 
OK to start? 
The person 
How long have you been part of the project? 
Time basis- full time, part time?  What fraction? 
How did you get involved with it? 
Could you describe your role in the project? 
What is your training / discipline / expertise? 
Work of the role 
Could you describe the activities of your role? 
The location? 
Timing- continuous, campaign, where does it fit in the process? 
Practices? 
Objects? 
Where does your work fit in the overall project? Maybe draw up a part of the process- 
zoom in on the particular work of this role, how it connects to others in the project, 
(and not in the project, external) 
Setting up expectations for further interviews, conversations 
 What happens next: what I’ll be doing, where I’ll be, expressing hope that we can 
continue this conversation over the project with intermittent updates and check-ins, casual 
interactions, request relevant documentation. 
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APPENDIX 3: CODEBOOK 
 
The following codebook lists each code identified: initial codes, second round code, third 
round code and main theme codes.  The rows in the table provided (next page) are coloured 
to match the colours in the schematic below (Figure 3.2 in Chapter 3, Methods). 
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Codebook 
 
Code Description Example 
Disruption Instances where events disrupt the 
smooth flow of events as planned, 
difficulties encountered in the doing 
of the work, delays, unexpected 
difficulties that 'should' be easy 
I have spent, I don’t know, ten hours 
at the moment up to now. They keep 
giving me different recipes, trying to 
connect to the new server. 
(quote from interview) 
Conflict Instances of conflict, as symptoms of 
epistemic clashes, flags for 
boundaries being encountered 
Some of them have said that they’re 
not available for rosters.  They refuse 
to go there.  They hate it. 
 
(notes from interview)  
 
Psychologist 
conflict 
Instances of interruptions, conflict 
involving the psychologist vs other 
team members 
I’ve brought up numerous times that 
there are heaps of co-morbidities … 
everyone in the team says yep, yep, 
yep. Then when they present their data 
they still talk about this clean sample. 
(quote from interview) 
Interruptions  Things mentioned or observed as 
impeding knowledge creation 
V says that her imaging staff are 
frustrated at the lack of support 
network (escalation hierarchy) for 
them in the research environment.  
They want resolution of the conflict so 
they can get on and get what is right 
for the patient.  
(notes from interview) 
 
Differences e.g. different KPIs, knowledge, 
beliefs, interests, different comfort 
with change or risk 
So one of the delays which we see is 
when researchers go and talk to 
industry, they talk a different 
language. 
(quote from interview) 
Commercial 
partner 
References to the commercial partner Previously, they sold equipment that 
worked well, but they would never 
take the risk of giving a diagnosis 
because it would open them up to 
being sued, okay.   
(quote from interview) 
Self-identifying 
(Identifying) 
Material relating to how people self-
identify,  
My background is in medical research 
from the time I did my PhD, although 
I am a physicist. 
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(quote from interview) 
Perception of 
other epistemic 
communities 
Agents’ perceptions of the other 
disciplines, epistemic communities, 
e.g. how an entrepreneur perceives a 
medical researcher 
The medical research discipline 
probably doesn’t have that sense of 
urgency that the rest of industry has in 
translating innovation.  
(quote from interview) 
Politics Explicit mentions of politics- all at 
the inter-organisational level 
So, there’s a whole lot of….well, let’s 
not call it politics…moving forward 
there are different organisations with 
different priorities which ultimately 
results in, to a certain extent, turf 
wars… 
(quote from interview) 
Rallying call Agents’ motivations, things that keep 
them going despite difficulties 
Why do people go into research?  
Suppose it’s because people have a 
vision of making a difference.  And 
that vision is what gives them the 
perseverance and tenacity to keep 
going. 
(quote from interview) 
Skill sets Agent's skills that they bring to the 
collaborative work 
X talked about how clinicians have a 
different understanding of a disease in 
the patient: they see and interact with 
the patient, compared with scientists 
who interact with the samples, the 
theories, and the analysis and only see 
those aspects of the disease.  This 
suggested to me the different ways of 
knowing, and different knowings of 
each of the epistemic communities- 
science and clinical. 
(notes from reflective journal) 
Taking 
opportunities 
Instances of agents consciously 
trying to seize opportunities, being 
proactive, making the most of their 
data, relationships 
Lots of people said - the target – 
aiming – you’re never going to 
achieve that.  Unless you push the 
limits.  You’ll rarely achieve more 
than you’ll aim at, so you might as 
well aim, and if you don’t quite get as 
far as you’d like, at least you’ve got as 
far as you could. 
(quote from interview) 
Taking risks agents' attitudes to risk, examples of 
risks taken 
The root of that, in that in 
environment is just, total, fear…fear 
that if I make the wrong decision and 
it backfires, I’m going to lose my job.  
And that’s the bottom line.   
(quote from interview) 
 
Perceptions of 
knowledge 
creation process 
Agent perceptions of the knowledge 
creation process, the work they are 
involved in  
What’s the process for generating an 
answer?  Nothing! It doesn’t exist! 
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But what happens in the research 
project? There is no established 
hierarchy, and it is not obvious who is 
‘in charge’. 
It’s very, very, very complex and 
there’s so many bits and pieces 
coming together. 
(quotes from interview) 
 
Agents’ epistemic 
features  
Characteristics of agents relating to 
their epistemic world view, e.g. 
discipline training, sector of 
experience 
I wasn’t prepared for the entire shift 
in culture that I experienced or am 
experiencing, going from a group of 
clinicians to a group of researchers, 
it’s very different.  
(quote from interview) 
 
Perception of 
external factors  
Agents' perceptions about factors 
originating outside of the project 
And I said well, let’s not worry about 
what weight the floor can take, let’s 
bypass it altogether, and just put extra 
beams in or extra supports in 
(quote from interview) 
 
Knowledge 
boundaries 
Difficulties in understanding caused 
by differences in practices 
 
I brought a venture capital mob over 
here the other day, for lunch with six 
of our top guys (41:08).  Two of them 
ended up blue-ing with them by the 
end of it. I let it go and then I said, 
guys, just stop.  After they left, I said, 
if they were funding pitches guys, you 
failed miserably!’ 
(quote from interview) 
 
Practices In this context, not the usual 
definition of practice as established 
within a site of knowing, but rather 
what agents are trying to establish as 
habitual, but becoming not 
established  
 
Then the scan runs through and then 
there’s post processing, working on 
the images to give an answer to give 
well, either really a binary answer, 
yes or no. 
(quote from interview) 
 
Confidentiality Mentions of protection of identity or 
intellectual property 
You can’t make bookings without 
using people’s names.  That’s just the 
way it is.  So I’ve got the building 
people looking at the soundproofing. 
(quote from team meeting) 
Ethics Items pertaining to the ethics 
processes related to a project 
…I’ve asked X to make sure that 
everybody in the team, particularly 
with the new radiographers starting, 
is on the ethics.  And I mean all of the 
ethics.  I don’t want any issues.   
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(quote from team meeting) 
 
Work of support The things agents do to support 
research translation, e.g. strategy 
development, ethics, recruitment, 
budgeting 
Then he goes on and explains the 
areas he looks after in corp services- 
HR, finance, building ops, “everything 
we need to do to keep the researchers 
researching”.  
(notes from interview) 
 
Funding References to project funding, ways 
of working, formal agreements 
If I could put it simplistically, funding 
is a big barrier to any work.  You have 
plenty of ideas, but you can’t get them 
off the ground because you don’t have 
money… you find something, but you 
don’t have money to further develop 
it.  Funding is the key. 
(quote from interview) 
 
Formal 
agreements 
Contractual agreements involved in 
the projects 
And to change those few outcomes, 
even as a lawyer, they need to 
understand exactly how the 
relationship and what’s going to come 
out is going to impact on the ones that 
are set-standard. 
(quote from interview) 
 
Management Management aspects of people and 
projects 
I can manage people, because I’ve 
always had to manage the department 
in another way. You’ve watched me. 
You can see whether I think I can or 
not. 
(quote from interview) 
 
Way of working Face to face, virtual X has his phone and security pass.  
The phone rang 14 times in the 
approx. 20 minutes of the meeting 
proper. 
Then they discuss the time that the 
flight from [city A] gets into [city B].  
They know it off by heart for the 
different days of the week- X and Y 
and Z jointly recite the arrival times. 
(From field notes of team meeting) 
Emerging 
practices 
Practices that the team discusses and 
develops and implements to achieve 
the project goal 
We ask about have you had any recent 
concussions…brain injuries…those 
sorts of things.  We cover a fair few 
head injury questions, so …if you 
want me to ask more about headaches, 
then I can put that into the phone 
screen.  If you have headaches, how 
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many do you have a week?  Do you 
want to know that sort of data? 
(Quote from team meeting) 
Previous 
experience 
Drawing on previous experience, in 
other projects, other disciplines to 
contribute to solving the current 
issues 
X had this problem when he was over 
at [Institute] so he already knows the 
answers to all the questions.  
(quote from interview) 
 
Overcoming 
barriers  
Mentions or observations that 
seemed to facilitate moving ahead, 
removing a blockage.  Also includes 
things that people said remove such 
blockages 
She said that in order to minimise 
confrontations and conflict, they had 
set up an interface between the 
clinicals and the researchers, an admin 
person, to do things like bookings and 
equipment availability.   It was really 
helping to have that person there 
instead of the researchers ringing up 
the clinicians directly and annoying 
them. 
(notes from interview) 
 
Work of 
knowledge 
creation 
Work agents do as part of knowledge 
creation- practices, imported, 
emerging, adapted  
It’s like a puzzle game I would want to 
say.  It’s like you’ve got the 
centrepiece is the disease and you 
want a solution for that and then you 
start working that to say this is all 
what we have and how you bring it 
together. 
(quote from interview) 
 
Connections How agents came to work together, 
how events came to occur- 
connections between people, but also 
between projects 
Actually before X came to [city] she 
was working with him.  So she 
returned and started working with him 
again. 
   
(notes from interview) 
 
Relying on others 
knowledge 
How agents work together when they 
need expertise they don’t have, 
relying on accessing the knowledge 
of others 
I’m not in a position to make that call.  
A, I don’t have the authority to make 
that call and B, I don’t have the 
necessary knowledge to make that 
call.  So, we’re put in a position where 
we have to rely on people’s judgement 
and what people tell us 
(quote from interview) 
 
Framework 
practice  
a practice enacted outside the project 
that provides stability for the project, 
enables it to go on, provides 
guidance, rules  
Whatever is (in) the contract, they’re 
there for a reason and that’s standard.  
And there’s a few that we will be 
changing based on the project and 
project outcomes.  And to change 
those few outcomes, even as a lawyer, 
they need to understand exactly how 
the relationship and what’s going to 
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come out is going to impact on the 
ones that are set-standard. 
(quote from interview) 
 
Occupation-
specific practice  
a practice enacted by agents in their 
occupation, that they bring to the 
project 
I would take a fine needle specimen, 
sample, aspirate, from the [body part] 
cancer, which I did mostly at 
operation. I’d look at the cancer at 
operation. 
(quote from interview) 
 
Project-specific 
practice  
a practice or emerging practice only 
enacted in the project 
So they are driving the machine, doing 
all of that and I am sort of there, 
overseeing it and also starting to be a 
bit useful because I do keep an eye on 
what they’re doing because it’s 
actually very complicated. 
(quote from interview) 
 
Inter-disciplinary 
expertise   
skills or informed actions that agents 
learned in other projects that they 
bring to this project, not a discipline 
skill, a skill in working between 
disciplines 
Interviewee: And I suppose that’s 
where I’ve seen working, that’s in 
translational research for 30 
something years now, and so -  
Interviewer:  So you’ve done this 
before? 
Interviewee: Yeah, so one of my - and 
just where I’ve come from in terms of 
my training, I have a reasonable 
grasp of clinical language as well as 
the physics and the chemistry.  
(excerpt from interview transcript) 
 
Overcoming 
knowledge 
boundaries 
Elements that enable agents to 
successfully overcome their 
knowledge boundaries 
I can see that there’s been a very big 
shift in the thought processes of 
[commercial partner].  And now the 
current CEO is a neurosurgeon.  He 
understands both the medicine and he 
understands the engineering and so he 
can see that this personalised 
medicine and clinician decision 
capability, if they don’t do it, 
somebody else will do it first. 
(quote from interview) 
Objectives 
 
The stated goals of the cases, to be 
able to do X, have something that 
does Y, enables Z. 
There’ll be one for healthy, there’ll be 
one for malignant, okay...and 
probably three different stages of 
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deregulation… there’ll be one for high 
risk. 
(quote from interview) 
 
Ends As per Carlile (2002)- what each 
agent sees as what they are there for, 
what success means for them 
So we need to be able to, if we can, 
and I don’t know if we can do this yet, 
to distinguish [brain trauma] from 
MHC. 
(quote from interview) 
 
Mental model 
 
the conceptualisation agents 
individually hold as to what is going 
on, what they are striving for, 
multiple perspectives 
The first guy in 1999 had the vision, 
along with us, and then the present 
guy has actually said if we don’t do 
this, somebody else is going to do it.  
So right now, the hardware works 
properly, and they’ve worked 
consistently with us on that. 
(quote from interview) 
 
Collaborative 
knowledge 
objective  
what the team's objective was, 
obtained from multiple perspectives 
 
So at the moment, they have to work 
out with them whether they’re going 
to have [surgery to remove body 
part], okay.  And so it’s a guess.  
Whereas with this, they’ve actually 
got objective evidence of okay the 
deregulation is under way and you are 
progressed this far.   
(quote from interview) 
 
 
Data General mentions of data and types 
of data, how data is handled and the 
challenges arising, data 
manipulation, using data to develop 
analytic capability 
You know, when you develop 
classifiers, it’s garbage in/garbage 
out.  So with all of these projects, I 
have to make sure that the data is 
absolutely as clean as possible so that 
we’re ending up with black and white 
classifiers which means that down the 
track, we’re going to be able to 
predict mixtures. 
(quote from interview) 
 
Methods 
 
The scientific / clinical methods used 
in the cases and related scientific / 
clinical activities 
We picked six peaks that are 
statistically different, between the 
control and the high-risk group and 
the whole cohort… on average of all 
of the controls… the average of that 
peak for all of the high risk and 
compared them. 
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(quote from interview) 
 
Development of 
technology 
technical aspects of the knowledge 
being created, e.g. how elements of 
the technology fit together, the 
purpose of individual elements 
They’ve got an operating system that 
a well-trained technologist can use 
and they’re gearing up to actually 
insert our – like, our protocol is 
already in there and now they’re 
gearing up to actually take our 
classifiers for an automated diagnosis.  
So we’re getting there. 
(quote from interview) 
 
The science The technical details of how the 
technology works, how it was able to 
be developed technically 
We know from that cohort … they all 
showed some level of deregulation, 
OK?  Spectroscopy picked up what 
they did.  So we know there’s going to 
be some effect, right?  
(quote from interview) 
 
Timeline 
information 
Information to help construct the 
project timelines, connections 
between people, projects, 
commercial partners, equipment 
versions 
So, I joined [Institute} in mid-2015 
after X was appointed to the CEO of 
[Institute] and he needed someone to 
lead up the imaging capability. 
(quote from interview) 
 
Objects 
 
Physical or conceptual entities used 
by the agents, ranging across the 
scientific work and managerial work 
of the cases 
Felix is the software that actually will 
take the readings, I extract the 
information about the peak volumes, 
which is what we’re actually 
comparing. So, it’s if you’re familiar 
with contour maps, like a map, 
topography, it has circles.  
(quote from interview) 
 
Project maturity  How agents understand the maturity 
of the project, its progress, its 
distance to achieving their goal 
And then it is purely a matter – and 
we’ve already got the funding for this 
–of giving this to the [commercial 
partner] programmers to embed it 
into their operating system. 
(quote from interview) 
(quote from interview) 
 
Knowledge 
creation  
Manifestations of knowledge 
increments over time 
It’s information that is not available 
with [cancer] and [MHC].  It’s not 
actually available in any other shape 
or form.  It’s the first objective test for 
deregulation in the [body part] and an 
objective place for [MHC]. 
 
 
246 
 
(quote from interview) 
 
Project-specific 
practice 
maturation  
project-specific practices changing 
over time, becoming more capable, 
adapted, evolving 
So for me now, I can actually see the 
light at the end of the tunnel.  I can 
see this will go live by 2020 as a 
clinician’s decision support system, 
okay. 
(quote from interview) 
 
 
 
 
